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Field of the invention 

The present invention relates to the field of nucleic acid delivery into higher 
eucaryotic cells, in particular for applications in gene therapy. The invention 
provides new transfection particles that are useful for transfecting higher 
eucaryotic cells in vitro and in vivo. 

Background of the invention 

A critical step of modern recombinant nucleic acid technology Is the efficient 
transfection of cells in vitro and in vivo with foreign genetic material. 

Commonly, recombinant viruses are used for efficiently carrying foreign 
genetic material into cells in vitro and in vivo (Mulligan, 1993), Recombinant 
viruses are often cell specific which may be of advantage or disadvantage 
depending on the individual experiment. In addition to the foreign material 
they also carry their own genetic material and are highly prone to mutational 
changes during replication. In organisms with immune systems a further 
disadvantage of viruses in vivo is a possible unwanted immune response 
triggered by virus particles such as capsid antigens. Last but not least, even 
today the preparation of recombinant viruses for gene transfer is an 
expensive and laborious task. 

Virus-free nucleotide particles are also available for transfecting cells. For 
this purpose, complexes of nucleic acid molecules, counterion-condensed 
by cationic polymers (Tang and Szoka, 1997) or cationic lipids (Labatmoleur 
et al.. 1996), are employed for genetic transfer. These polymer and lipid 
condensed nucleic acid molecules are efficient at transfecting cells in 
culture. Since these counterion-condensed nucleotides generally lead to 
multimolecular and polydisperse aggregates they are very poor at diffusing 
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within a tissue or escaping blood vessels. 



Cationic detergents too have been shown to condense DNA into discrete 
particles (Behr, 1986) which, interestingly, can consist of only a single 
nucleic acid molecule (Melnikov et al., 1995). However, detergents have a 
much higher water solubility than lipids and their fast release into the 
environment induces DNA-decondensation and detergent-related 
cytotoxicity, As a consequence, this class of amphiphiles is unable to 
transfect cells per se (Behr 1993). 

Because of the importance of gene delivery for modern biological and 
medical research and therapy, for example gene therapy, there is a growing 
demand for stable, inexpensive and convenient transfection systems that 
are useful for in vitro and in vivo applications. 

Summary of the invention 

It was the object of the present invention to provide a novel transfection 
system for delivering nucleic acid into higher eucaryotic cells that 
circumvents the disadvantages of the cationic transfection systems of the 
state of the art. 

The present invention provides particles for transfecting higher eucaryotic 
cells with nucleic acid molecules in vitro and in vivo comprising one or more 
nucleic acid molecules condensed by organic cationic molecules, said 
particles being obtained by complexing the nucleic acid molecules with 
identical or different organic cationic precursor molecules without 
crosslinking nucleic acid molecules, and covalently linking the precursor 
molecules to each other on the nucleic acid template. 

The particles of the invention are, due to the use of small cationic precursor 
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molecules instead of larger cationic molecules, essentially free of 
aggregated nucleic acid. Furthermore, the particles are stabilized by the 
dimeric or oligomeric cationic molecules formed by covalent linkage of the 
precursor molecules. 



In the following, unless otherwise defined, for simplicity, the term DNA is 
used for both DNA and RNA. 

The stability of the particles should be reversible in order to make the DNA 
available for its desired biological effect in the cell. To this end, in a 
preferred embodiment of the invention, the linkage between the cationic 
molecules is reversible under the conditions that the particles are faced 
after entry into the cell. The break of the linkage may be triggered by the 
slightly acidic environment and/or the reducing conditions and/or enzymatic 
machinery of the cellular compartments, e.g, the endosomes. 

The cationic molecules that condense the DNA are obtained by covalently 
linking the cationic precursor molecules. 

Cationic precursor molecules according to the invention are defined in that 
they are building blocks for the preparation of the cationic molecules that 
keep the DNA condensed. 

The general concept of the invention requires one or more at least 
Afunctional precursor molecules that are on the one hand cationic In order 
to complex nucleic acid molecules essentially without aggregating or 
crosslinking it, and on the other hand capable of covalently linking to 
identical or different cationic precursor molecules of the particle structure for 
stabilizing that particle. 

A function for covalently linking to identical or different cationic precursor 
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molecules for stabilizing a novel transfection particle can be characterized 
by different and complementary functions or identical functions. An example 
of an identical function is a thiol that is capable of providing a disulfide 
bridge between identical or different precursor cationic molecules. 
Depending on the number of functions for linking on a single cationic 
precursor molecule the cationic molecules can be dlmers or oligomers of 
different or identical precursor molecule. Therefore, the invention also 
relates to transfection particles characterized in that the cationic molecules 
are prepared from demised or oligomerized identical and/or different 
cationic precursor molecules. 

The cationic function for condensing nucleic acid molecules is generally a 
basic function that acquires an additional hydrogen under physiological 
conditions and therefore becomes positively charged. An example of such a 
cationic function is an amino function or a derivative thereof. Alternatively, 
the cationic function is a quarternaryzed amine which does not require 
protonation, 



In a preferred embodiment of the invention, the precursor molecules are 
cationic detergent molecules that satisfy the above-defined requirements. 



In this preferred embodiment, the invention is based on the consideration of 
the basics of supramolecular chemistry and takes advantage of the 
essential features of two types of DNA delivery agents (cationic surfactants 
on the one hand and cationic lipids on the other hand) towards the 
formation of stable transfection particles reminiscent of viruses. Exemplified 
for this preferred embodiment, the principle of the invention is schematically 
depicted in Fig. 1- anionic DNA molecules are condensed individually with 
an appropriately designed cationic detergent and the resulting neutral 
particles are 'frozen* by chemically converting the detergent (the cationic 
precursor molecule) on the template DNA into a lipid via air-induced 



dimerization. 

The detergent molecules of the invention comprise a cationic polar part, an 
unpolar part and a reactive function for linking to other detergent molecules. 
When two or more detergent molecules are linked to each other the 
detergent character of the original precursor molecules is reduced and they 
are then defined as lipids because of their lipophilic character and structural 
similarity to lipids. At this point the reader should be reminded that 
transfection particles prepared by adding plain lipids to nucleic acid 
molecules result in large multimolecular and polydisperse aggregates 
{Labatmoleur et aK, 1996) and are not part of the claimed invention. 

In a further aspect, the present invention is related to transfection particles 
characterized in that the cationic molecules are lipid molecules prepared 
from detergent molecules linked to one or more identical or different 
detergent molecules in the presence of nucleic acid molecules. 

in a preferred embodiment the invention relates to transfection particles 
characterized in that the cationic molecules are prepared by dimerization or 
oiigomerization of detergent molecules. Obviously, the detergents can be 
identical or different in structure. 

In general, cationic detergent molecules for use as cationic precursor 
molecules can be characterized by their distinct functional features. 

In a further aspect of the invention transfection particles are characterized in 
that the cationic detergent molecules comprise: 

a) at least one function for binding to one or more other detergent 
molecules, 
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b) at least one lipophilic residue, 

c) a non-toxic recipient backbone, 

d) a cationic group for binding to DNA. 

Functional residues for binding to precursor molecules are, for example but 
not limited to, thiol residues that react to provide disulfide bridges (-S-S-), 
acid hydrazides and aldehydes that provide hydrazones (-ON-N-)t amines 
and aldehydes that provide Schiff bases (imines.-ON-), and amines that 
react with ethylene residues that are suitably substituted (e.g. halides) to 
provide enamines (OC-N-). 

In this respect, the transfection particles are preferably characterized in that 
the function of the cationic detergent molecules for binding to other 
detergent molecules is selected from dimerizable and polymerizable 
functions, such as thiois, acid hydrazides, aldehydes, amines, and ethylene 
residues that are suitably substituted to provide enamines. 

Preferably, a transfection particle is characterized in that the lipophilic 
residue of the detergent molecule is selected from lipophilic amides, esters 
or ethers. The lipophilic functions of the cationic molecules are critical when 
using detergents as precursor molecules since the lipophilic residues 
determine the critical micelle concentration of the detergent precursor that is 
suitable to provide discrete particles at a desired concentration. The higher 
the desired DNA concentration, the higher the c.rrua of the detergent needs 
to be. 

For binding to nucleic acid molecules the preferred functional residues of 
cationic molecules and especially for detergent molecules are amines or 
other basic and cationic derivatives thereof. Suitable amines and derivative 




are discussed further below. 



Preferably, a transfection particle of the invention is characterized in that the 
function for binding to nucleic acid molecules is selected from an amine or 
derivative thereof. 

The amino functions suitable for the invention depend on their ability to 
provide positive charges for binding nucleic acid molecules reversibly by 
charge dependent ionic forces. The ability of amines and derivatives to be 
positively charged under physiological conditions depends on the structural 
proximity of the amine. Some structures with close and strong electron 
drawing substituents may therefore not be basic enough under physiological 
conditions. Preferably, amino function of cationic molecules of the invention 
are strongly basic. One very basic and physiologically acceptable amino 
function is guanidine which is especially useful for the cationic molecules of 
the invention. A further example for a suitable amino function is amidine. 
Both of these functions exhibit a strong interaction with phosphate diester 
groups. 

Preferably, a transfection particle of the invention is characterized in that the 
function for binding to nucleic acid molecules is guanidine. 

The requirements for the recipient backbone for detergent molecules 
according to the invention are obvious, convenient to prepare and non-toxic 
to cells. 



In a preferred embodiment, the invention relates to transfection particles 
characterized in that the cationic precursor molecules correspond to general 
formula I 




(I) . . 

wherein 

Ri denotes (Ci-Ci 0 -alkylene)-SH, wherein the alkylene radical may 
represent a straight chained or branched hydrocarbon; 

R 2 denotes -NR*R £ , -NHR 4 R<f , -NfR^RsVC^NR^NRsRe, -C(=X)-Ci- 
Cio-alkylene, wherein the alkylene radical may represent a straight chained 
or branched hydrocarbon and may be substituted by up to four dialkyl amino 
groups or a thiomonosaccharide; 

R 3 denotes C5-C 30 -alkyl f straight chained or branched and optionally 
substituted preferably with one or more halogen atom(s) or dialkyl amino 
group(s), or 

C5-C 30 -alkenyl f straight chained or branched having up to ten 
C=C-double bonds and is optionally substituted preferably with one or more 
halogen atom(s) or dialkyl amino group(s), or 

Cs-Cao-alkinyl, straight chained or branched having up to ten 
CsC-triple bonds and is optionally substituted preferably with one or more 
halogen atom(s) or dialkyl amino group(s), or 

C6-Ci 0 -aryl optionally substituted, or 

C?-Ci6-aralkyl optionally substituted, or a 




Cs-Cao-aikyl-chain interrupted by up to 10 amino groups -NR 4 - and 
having optionally an amino-group which is optionally substituted by 
an amino acid; 

Rs and R 6 denote independently from each other hydrogen or 
CrOralkyl; 

X denotes O or S; 

Y denotes C=0 or OS and 

Z denotes O, S or -NR 4 -. 

In a more preferred embodiment, the invention relates to transfection 
particles characterized in that the cationic precursor molecules correspond 
to general formula I wherein 

R 1 denotes {Ci-Ce-a!kylene)-SH P wherein the alkylene radical may 
represent a straight chained or branched hydrocarbon; 

R 2 denotes -NR4R5, -NHR4R5 4 *. -NfR^Ra* -C(=NR4)NR 5 R 6 , -C(=X)-C«- 
C 4 -alkylene 1 wherein the alkylene radical may represent a straight chained 
or branched hydrocarbon and may be substituted by up to four amino 
radicals -NR4R5 or a monosaccharide; 

R 3 denotes C 5 -C 2 o-alkyl t straight chained or branched and optionally 
substituted preferably with F, CI, Br or -NR4R5, or 




Cs-Cso-alkenyl, straight chained or branched having up to five 
C=C-double bonds and is optionally substituted preferably with F, CI, 
Br or -NR4R5, or 

Cs-Coo-alkmyl, straight chained or branched having up to five C=C- 
triple bonds and is optionally substituted preferably with F ( CI, Br or - 
NR4R5. or 

Cs-Cio-sryl optionally substituted preferably with CrC 4 -alkyl, F, CI, Br 
or -NR4R5, or 

C 7 -Ci4-aralkyl optionally substituted preferably with Ci-C4-alkyl, F, CI, 
Br or -NRaRs, or 

a C 5 -C2o-alkyl chain interrupted by up to 10 amino groups -NR4- and 
having optionally an amino-group which is optionally substituted by 
an amino acid; 

R4, R 5 and R6 denote independently from each other hydrogen or 
Ci.C 4 .aikyl; 

X denotes O or S; 

Y denotes C=0 or C=S and 



Z denotes O, S or -NR4- 




in an even more preferred embodiment, the invention relates to transfection 
particles characterized in that the cationic precursor molecules according to 
the general structure described above are substituted as follows: 

Ri denotes <Ci-C3-alkylene)-SH, wherein the alkylene radical may 
represent a straight chained or branched hydrocarbon; 

R 2 denotes -NR 4 R 5 , -NHR 4 R 5 + , -NfR^RsVC^NR^NRsRe, -C(=X)-d- 
C<-alkyl, wherein the alkyl radical may represent a straight chained or 
branched hydrocarbon and may be substituted by up to four amino radicals 
-NR4R5, or a Ce-monosaccharide; 

R3 C 5 -Ci2-alkyl, straight chained or branched and optionally substituted 
preferably with F, CI, Br or -NH 2 , or a 

C 5 -Ci5-alkyl chain interrupted by up to 7 amino groups -NR 4 - and 
having optionally a -amino-group which is optionally substituted by the 
amino acid cysteine; 

R 4 , R& and R 6 denote independently from each other hydrogen or methyl, 
ethyl, propyl, iso-propyl, n-butyl, iso-butyl or tert-butyl; 

X denotes O or S; 

Y denotes OO or C=S and 



Z denotes O, S or -NR4- 




In a most preferred embodiment, the invention relates to transfection 
particles characterized in that the cationic precursor molecules according to 
the general structure described above are substituted as follows: 

Ri denotes -Crfe-SH; 

R 2 denotes -NH 2 , -NH 3 + , -C{=NH* 2 )NH 2) -C(=0)-Ci-C 4 -a!kyl straight 
chained or branched and optionally substituted with F, CI, Br or -NH 2 

or an ornithine radical or a S-gaiactosyl radical; 

R3 denotes a Ce-Cis-alkyl radical straight chained or branched and 
optionally substituted preferably with F, CI, Br or -NH 2 , 

Y denotes C=0; 

Z denotes O or -NH-. 

Preferred are transfection particles characterized in that R< is C1-C4- 
alkylene-SH. More preferred are transfection particles characterized in that 
R-i is a methylenethiol. 

Preferred are transfection particles characterized in that R 2 is an amine. 
More preferred are transfection particles characterized in that R 2 is a 
guanidine. Also more preferred are transfection particles characterized in 
that R 2 is an ornithine. 

Preferred are transfection particles characterized in that R 3 is a decyl 
radical. 
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Preferred are transfection particles characterized in tnat Y is a carbcnyi. 



Also preferred are transfection particles characterized in that Z is an amine. 

Most preferred are transfection particles characterized in that Ri is a 
methylenethio!, R2 is a guanidine, Rsis a decane, Y is a carbonyl, Z is an 
amine, and pharmaceutical^ acceptable salts thereof. 

Especially preferred are transfection particles characterized in that the 
cationic molecule is N-decyl-2-guanidinium-cysteine. 

Also most preferred are transfection particles characterized in that is a 
methylenethiol, R 2 is an ornithine, R3 represents a straight chained decyi 
radical, Y is a carbonyl, Z is an amine, and pharmaceutical^ acceptable 
salts thereof. 



Also especially preferred are transfection particles characterized in that the 
cationic molecule is N-decyl-2-ornithinyl-cysteine. 

Ci-Ce-alkyI generally represents a straight-chained or branched 
hydrocarbon radical having 1 to 6 carbon atoms which may optionally be 
substituted by one or several halogen atoms - preferably fluorine - which 
may be identical to one another or different. The following radicals may be 
mentioned by way of example: 



methyl, ethyl, propyl, 1-methylethyl (isopropyl), butyl, 1-methylpropyl, 

2- methylpropyl, 1 ,1-dimethylethyl, n-pentyl, 1 -methyl butyl, 2-methylbutyI, 

3- methylbutyl, 1,1-dimethylpropyl, 1,2-dimethylpropyl, 2,2-dimethylpropyl, 
1-ethylpropyi, hexyt, 1-methylpentyl, 2-methylpentyl, 3-methylpentyI, 

4- methylpentyl, 1,1 -dimethyl butyl, 1,2-dimethyl butyl, 1 f 3-dimethylbutyL 
2,2-dimethylbutyl, 2,3-dimethylbutyl, 3,3-dimethylbutyl, 1-ethylbutyl, 




2-ethylbutyL 1 ,1,2-trimethylpropyl, i,2,2-trimethyipropyl, 1-ethyl-1- 
meth y i propyl and 1 -ethyl-2 methy I-propyl . 

The same definition applies accordingly to alkanediyl radicals. 

C5-C3o-alKy! refers specifically to a straight-chained or branched 
hydrocarbon radical having 5 to 30 carbon atoms - for example pentyi, 
hexyl, heptyl, octyl, nonyl, decyl, undecyL dodecyi, tridecyl, tetradecyl, 
pentadecyl, hexadecyl, dodecadecyl, nonadecyl, eicosyl, henicosyl, docosyl 
and triacontyl. 

Unless otherwise stated, iov/er alky! groups having 1 to 5 carbon atoms 
such as methyl, ethyi, n-propy!, isoprqpyi, n-butyl, tert.-butyl, n-pentyl or iso- 
pentyl are preferred. The same definition applies to alkandiyl radicals. 

Alkenyl in general represents a straight-chained or branched hydrocarbon 
radical having 3 to 20 carbon atoms and one or more double bonds, 
preferably one double bond, which may optionally be substituted by one or 
several halogen atoms - preferably fluorine - which may be identical to 
another or different. Examples include; 

2-propenyl (allyl), 2-butenyl, 3-butenyl, 1-methyl-2-prcpenyi, 2-rnethyl- 
2-propenyl, 2-pentenyl, 3-pentenyl, 4-pentenyl, 1-methyl-2-butenyi p 

2- methyl-2-butenyl, 3-methyl-2-butenyl, 1-methyl-3-butenyl, 2-methyl- 

3- butenyl, 3-methyl-3-butenyl, 1,1-dimethyl-2-propenyl, 1,2-dimethyl- 
2-propenyl, 1-ethyl-2-propenyi t 2-hexenyl, 3-hexenyl, 4-hexenyl, 5-hexenyl, 

1- methy!-2-pentenyl, 2-methyl-2-pentenyI, 3-methyl-2-pentenyI, 4-methyk 

2- pentenyl, l-methyl-3-pentenyl, 2-methyl-3-pentenyl, 3-rnethy!-3-pentenyl, 

4- methyl-3-pentenyl, 1-methyI-4-pentenyl, 3-methyl-4-pentenyI, 4-methyl- 
4-pentenyl, 1,!-dimethyl-2-butenyl, 1,1-dimethyl-2-butenyl t 1 ,1 -dimethyl- 

3- butenyl, 1 ,2-dimethyl-2-butenyi, 1 ,2-dimethyl-3-butenyl, 1 ,3-dimethyl- 
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2-bJtenyi, 1,3-dimethyl-3-butenyl, 2,2-dimethy!-3-butenyl, 2,3-dimethyl- 
2-butenyi, 2,3-dimethyl-3-butenyl, 1*ethyl>2-butenyl, 1-ethyl-3-butenyl, 
2-ethyl-1-buienyl. 2-ethyl-2-buteny!, 2-ethyl-3-butenyl, 1,1 ,2-trimethyl- 
2-propenyl, 1-ethyl-1-methyl-2-propenyl and 1-ethyl-2-methyl-2-propenyl. 



Alkiny! in general represents a straight chained or branched hydrocarbon 
radical having 3 to 20 carbon atoms and one or more triple or one or more 
triple and double bonds. 



2-propynyi (propargyl), 2-butynyl, 3-butynyl, 1-methyl-2-propynyl, 2- 
pentynyl, 3-pentynyl, 4-pentynyl, 1-methyl-2-butynyl, 1-methyl-3-butynyl, 

2- methyl-3-butynyl, 1,1-dimethyl-2-propynyl, 1 -ethyl-2-propynyl, 2-hexynyl, 

3- hexynyl, 4-hexynyl, 5-hexynyl, 1-methyl-2-pentynyl, 4-methyl-2-pentynyl. 
1-methyi-3-pentynyl, 2-methyl-3-pentynyl, 1 -methyl-4-pentynyl, 3-methyl- 

4- pentynyl, 1,1-dimethyl-2-butynyl, 1,1-dimethyl-3-butynyl, 1.2-dimethyl- 
3-butynyl, 1.3-dimethyl-2-butynyl, 1 ,3-dimethyl-3-butynyl, 2,2-dimethyl- 
3-butynyl, 2,3-dimethyl-2-butynyl, 2,3-dimethyl-3-butynyl, 1 -ethyl-2-butynyl, 
1-ethyi-3-butynyl, 2-ethyl-3-butynyl and 1-ethyl-1-methyl-2-propynyl. 

Monosaccharides in the meaning of the present invention represent C 6 - and 
prerferably Ce- monosaccharides and are for example selected from the 
following group: 

galactose, lactose, glucose, arabinose , fructose, sorbose, xylose, ribose, 
man nose each of them in their D- or L-form. 

Aryl in general represents an aromatic radical having 6 to 10 carbon atoms 
- also in combinations, it being possible for the aromatic ring to be 
substituted by one or more lower alkyi group(s), alkoxy group(s). nitro 
group(s), amino group(s) and/or one or more halogen atom(s) - which are 
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identical to one another or different. The preferred aryl group is mentioned 
unless otherwise stated - phenyl. 



Aralkyl in general represents an aryl radical having 7 to 14 carbon atoms 
which is bonded via an alkylene chain, it being possible for the aromatic ring 
to be substituted by one more lower alky! group(s), alkoxy group(s), nitro 
group(s), amino group(s) and/or one or more halogen atom(s) - which are 
identical to one another or different. Aralkyl radicals having 1 to 6 carbon 
atoms in the aliphatic partial structure and 6 to 10 carbon atoms in the 
aromatic part are preferred. Preferred aralkyl radicals which may be 
mentioned - unless otherwise stated - are; benzyl, phenethyl and 
phenylpropyl. 

Alkoxy in general represents an O-alkyl radical wherein alkyi is as defined 
above. Preferred alkoxy radicals have lower alkyl groups as defined above. 

Alkyl or dialkylamino represents an amino radical substituted by one or two 
alkyl groups which are identical to one another or different. Preferred alkyl 
or dialkylamino substituents are amino radicals having one or more lower 
alkyl groups. 

In a further embodiment of the invention, the organic cationic precursor 
molecule is free of a lipophilic residue. Suitable molecules of this type are 
able to bind to DNA molecules without crosslinking or aggregating them. To 
fulfill this requirement, they should be small enough to adhere to a single 
DNA molecule only, without binding to one or more other DNA molecules. In 
addition, the cationic molecules contain functions that allow them to be 
covalently linked to other identical or different cationic precursor molecules. 
The requirements for the functional groups are the same as described for 
the detergent precursor molecules. Cationic molecules can be tested for 
their suitability for the present invention by contacting them with DNA and 
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physically examining the obtained complexes for particle size, e.g. by 
electron microscopy, laser light scattering or atomic force microscopy, 
before and after covalent linkage. Suitable cationic molecules show no 
aggregate formation before or after linkage; on the other hand f they must 
exhibit particle formation after linkage, optionally also before linkage. 

Cationic non-lipophilic precursor molecules may be selected from the group 
comprising molecules with a backbone carrying positively charged groups. 
The backbone is not critical t it may be any organic molecule that carries a 
positive charge, either in the main chain or in a side chain. As an example, 
the backbone is a peptide, the positive charges are provided by positively 
charged amino acids, e.g. lysine, arginine, ornithine. Suitable positively 
charged groups may be the same as defined above for the detergent 
molecules. Provided that they fulfill the above requirements, the organic 
cationic precursor molecules may be those that are disclosed in 
WO 93/0783 for complexing DNA. 

The functional groups for covalent linking may be provided by the backbone 
itself, e.g. if the molecule is a peptide and has cysteine residues, or they 
may be obtained by linking them to the backbone. 

Alkyl or dialkylamino represents an amino radical substituted by one or two 
alkyl groups which are identical to one another or different. Preferred alkyl 
or dialkylamino substituents are amino radicals having one or mere lower 
alkyl groups. 

In a preferred embodiment transfection particles are characterized in that 
the cationic precursor molecule is an amine or polyarnine. 



In a particular preferred embodiment transfection particles are characterized 
in that the cationic precursor molecule is spermine-N1 , N12-bis- 
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cysteineamide (SC2). 

The aforementioned spermine derivative fulfills all requirements necessary 
for practicing the invention. Primary and secondary amines provide cationic 
functions under physiological conditions and two thiol groups allow for 
dimerization or even oligomerization without crosslinking or aggregating 



The cationic precursor molecule spermine-N1,N12-bis-cysteineamide (SC 2 ) 
can be prepared from commercially available reagents. In the experiments 
of the Invention the biophysical parameters of transfection particles 
prepared with SC 2 were determined and it was shown that, as opposed to 
particles prepared with spermine, they are stable. 

The SC2 molecule is composed of a spermine molecule linked via an amide 
bond to two cysteine molecules having two free thiol functions. The choice 
of these two molecules is rather critical. Spermine as well as other 
polyamines, e.g, putrescine, spermidine, is implicated in maintaining viral 
DNA in condensed form. Various in vitro studies have shown that 
polyamines compact DNA, and under optimal conditions spermine is 
capable of condensing DNA into tcroid structures of 0.1 pm diameter. 
Nevertheless these toroids are, although relatively stable over time, 
sensitive to the saline concentration of the medium. As a matter of fact, at a 
concentration of 150 mM NaCI (which is the ionic strength of the cell culture 
medium) spermine decomplexes from the DNA which results in the loss of 
the toroid structures. Therefore particles of DNA complexed with spermine 
cannot be utilized for transfection. In order to stabilize the particle structure 
of the DNA complex, two groups carrying a free thiol function each are 
grafted at each end of the spermine. Under certain optimized conditions, the 
SC2 molecules present in the minor groove of the DNA, which serves as a 
template, will bind to each other via a disulfide bond, thus providing a 



DNA. 




backbone for the DNA which is capable of stabilizing the toroicl 
conformation. 



The invention is by no means limited to one type of cationic precursor 
molecules within the transfection particle. The transfection particles may be 
prepared by covalently linking two or more different cationic precursor 
molecules, It is obvious that for cationic precursor molecules to be linked to 
different cationic precursor molecules, they must be complementary and 
therefore different from the other reaction partner with regard to their 
functional groups. Cationic precursor molecules of the invention may also 
provide a structural variety beside the functional variety for linking other 
cationic precursor molecules. For specific applications, an expert of the art 
may find it useful to design transfection particles that satisfy specific 
requirements by combining structurally different cationic precursor 
molecules. 



Transfection particles have to be stable for the time needed to reach their 
destination, e.g. target cell or tissue At the target site, e.g. within a target 
cell, it is of course necessary to make the nucleic acids of the transfection 
particles available to that cell 

Material foreign to cells is generally taken up by endocytosis and passes 
through a series of compartments, inter alia endosomes. Within 
endosomes. the foreign material is confronted with conditions such as a 
more acidic pH of about 6 and a great variety of enzymes, especially 
hydrolases. Transfection particles according to the invention can be taken 
up by cells and consequently be transferred to endosomal compartments. 
Within the intracellular compartments, the transfection particles of the 
invention encounter conditions that cause their disassembly, in particular by 
cleavage of the dimeric or oligomeric cationic molecules, thereby releasing 
the nucleic acids for decondensation. Typical break of cationic molecules is 




caused by the reduction of disulfide bridges; examples for acid labile 
linkages are hydrazones, Schiff bases (imtnes), enamines, acetal or keta! 
functions. It should be noted that the invention is by no means limited to the 
bonds mentioned above for endosoma! cleavage and that an expert of the 
art is aware of alternative bonds that fulfill the requirements for cationic 
molecules and are cleavable in the endosomes or other intracellular 
compartments. 

Therefore, in a preferred embodiment of the invention, the transfection 
particles are characterized by a linkage between the cationic molecules 
which is degradable under the conditions of the intracellular compartments. 

The novel transfection particles are useful fortransfecting cells with nucleic 
acid molecules in vitro as well as in vivo. The novel transfection particles 
are especially useful for transfecting higher eucaryotic cells in vitro and in 
vivo. 

For efficient delivery of nucleic acid molecules it may be desirable to provide 
specific cellular targeting functions. This is important for in vivo applications 
to target genes into specific cells, tissues or organs. Transfection efficiency 
may further be increased by the enhanced endocytotic uptake of the 
particles into the cells once they are bound to the target cells. 

In a further aspect, the invention therefore relates to transfection particles 
characterized in that they additionally carry one or more functions for 
specific cellular targeting and/or facilitating endocytosis. 

Efficient cellular uptake of the transfection particles can be achieved by 
ligands that bind to cellular structures on the cell surface and/or trigger 
internalization of the bound structures. 




The cellular targeting functions are, for example, either protein ligands or 
sugar residues, Examples for ligands are immunoglobulins and fragments 
or derivatives thereof, lectins, adhesion molecules, cytokines or 
chernokines, as well as small organic structures, e.g. sugar residues, that 
recognize specific cellular surface structures and are capable of specific 
targeting and/or internalization. Weil-established examples for targeting 
functions are transferrin, folic acid, RGD peptide, and a great number of 
monoclonal and polyclonal antibody. Any iigand that is capable of binding to 
the target cell and internalizing the particles into the cell may be used, 
examples for suitable ligands that may be used in the present invention are 
given in WO 93/0783. 

Therefore, in a preferred embodiment the invention relates to transfection 
particles characterized in that the targeting and/or endocytotlc function is a 
cellular protein Iigand. 

In a further embodiment the invention relates to transfection particles 
according to the invention characterized in that the targeting and/or 
endocytotic function is a sugar residue. 

In addition to targeting ligands, the particles of the invention may contain a 
function that enables them to cros3 cellular membranes, either by 
membrane fusion, disruption or pore formation (in the following, this function 
is termed endosomolytic function). In case the cationic precursor molecules 
are detergents, they have perse a membrane destabilizing/endosomolytic 
function. If the covalent linkage is bioreversible and therefore broken down 
in the cellular environment, the detergent molecules can exert their 
endosomolytic function. Alternatively or in addition to the detergent's 
membrane destabilizing function, this function may be provided by 
endosomolytic agents. Examples for suitable endosomolytic agents that 
may be used in the present invention, are disclosed in WO 93/0783. 




Preferred examples for endosomolytic agents are inactivated adenovirus 
particles, membrane active peptides (i.e. fusogenicor lytic peptides, 
examples of which have been disclosed in WO 93/0783 and by Plank et al., 
1994; Mechtler and Wagner, 1997; Gottschalk et ai. f 1996; the DNA binding 
membrane active peptide disclosed by Wyman et al., 1997; the amphipathic 
cationic peptide gramicidin disclosed by Legendre and Szoka, 1993 and 
Legendre and Supersaxo, 1995), and pH sensitive surfactants such as 
N-alkyWmidazoles which are disclosed by Wilson et al; 1987 Hughes et al., 
1996 and by the references therein. 



The targeting and/or endosomolytic functions of the transfection particles of 
the invention may be covalently linked to few, many or all cationic molecules 
of the invention and may be identical or different targeting functions within a 
single transfection particle. The presence of targeting/endosomolytic 
function, both in terms of type and amount, depends on the specific 
application, in particular on the cell type to be reached and may be adjusted 
to the particular requirements. In general, the percentage of cationic 
molecules that carry such functions may be about 1 to 80 %, preferably 
about 10 to 50%. 



An example of a precursor molecule with a targeting function that is capable 
of binding covalently to precursor molecules of the cationic molecules of the 
invention is a lipophilic galactosyl cysteine (Remy et al., 1995) (see 
example 7). Although this lipophilic galactosyl cysteine does not provide per 
se the functionality required for complexing nucleic acid molecules it is 
capable of covalently binding to cationic precursor molecules to provide 
cationic molecules (heterodimers) that are part of the transfection particles 
of the invention. Galactosyl residues are known to be targeting functions 
specifically recognized by liver cells. 



The targeting/endosomolytic function may also be attached to a DNA 



24 



• • • • 



binding molecule that is present in addition to the olimerisable precursor 
molecule. This molecule may be a oligocetion like oligolysine or a polymer 
like polyethyleneimine without dimerizable functions. These 
targeting/endosomolytyc conjugates may be added to the other complex 
partners of the transfection particle before or during complex formation. 

The ligand/endosomoiytic function may be incorporated into the transfection 
particles in the following ways: 

a) providing the cationic precursor molecules and/or non-oligomerizable 
small DNA binding molecules that are equipped with a 
targeting/endosomolytic function before or during complex formation; 

b) attaching the targeting/endosomolytic function to the cationic 
precursor molecules and/or or non-oligomerizable small DNA binding 
molecules after complex formation before or during covalently linking 
the precursor molecules; 

c) attaching the targeting/endosomolytic function after covalently linking 
the precursor molecules. 

In the case of b) and c) the precursor molecules or non-oligomerizable 
molecules are equipped with a reactive group that allows for binding the 
targeting/endosomolytic function. Reactive group means chemically 
reactive, e.g. activated esters, disulfides, or allowing for biochemical 
interaction, e.g. streptavidin/biotin binding (in this case the molecule is 
equipped with streptavidin or biotin to react). The reactive group must be 
selected such that it does not interfere with the process of covalently linking 
the precursor molecules. 



The embodiment a) has the advantage that the molecules carrying the 




targeting/endosomolytic function can be prepared In advance in purified 
form in larger amounts and are readily available as well-defined reagents. 
This embodiment is in particular applied for the endosomolytic function 
when it is desirable tc have this function within the transfection particle. 

Embodiments b) and c) are preferred for large ligands, like protein targeting 
ligands, or endosomolytic agents like adenoviruses because these 
ligands/agents may interfere with condensation of DNA complexes to small 
particles. It is an advantage of these embodiments that it they guarantee 
that the function is located at the surface of the particle. Embodiment c) is 
additionally advantageous If the ligand is sensitive to the conditions used for 
condensing and/or covalently linking of precursor molecules. 

In a further embodiment, the present invention is directed to transfection 
particles in which the targeting function is provided by a sugar residue. 

In a preferred embodiment, the sugar is galactose. 

In a further embodiment, the endosomolytic function is provided by a 
fusogenic peptide. 

Methods for attaching agents providing targeting/endosomolytic functions, 
e.g. small organic molecules such as sugars or larger structures such as 
proteins or entire viruses, to the cationic molecules are available to the 
expert. 

Binding by chemical methods can be effected in the manner which is already 
known for the coupling of peptides and, if necessary the individual components 
may be provided with linker substances before the coupling reaction (this 
measure Is necessary if there is no functional group available which is suitable 
for the coupling, e.g. a mercapto or alcohol group). The linker substances are 




Afunctional compounds which are reacted first with functional groups of the 
individual components, after which the modified individual components are 
coupled. 



Coupling may be carried out by means of 



a) disulphide bridges, which can be cleaved again under reducing conditions 
(e.g. when using succinimidyl-pyridyldithiopropionate); 

b) compounds which are substantially stable under biological conditions 
(e.g. thioethers by reacting maleimido linkers with sulfhydryl groups of the 
linker bound to the second component); 

c) bridges which are unstable under biological conditions, e.g, ester bonds, 
or acetal or ketal bonds which are unstable under slightly acidic 
conditions; 



d) reactive groups like isothiocyanate, activated esters; 

e) reactive coupling of aldehydes with amino groups. 



In a preferred embodiment, the nucleic acid of the transfectlon particles is 
DNA. 

The DNA may be linear or circular, single-stranded or double stranded. 
Concerning the size of the DNA F the invention allows for a wide range 
between small oligonucleotides containing approximately 20 nucleotides 
and very large molecules like artificial chromosomes of ca. 100 to 2000 kb. 

In a preferred embodiment the particles are monomolecular with respect to 
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the DNA, which means that they contain a single DNA molecule. This 
embodiment is particularly useful for the delivery of DNA in vivo where it is 
desirable to apply small particles in order to overcome the size limitations of 
the physiological barriers. 

Furthermore, the availability of monomolecular discrete stable particles is 
advantageous for the delivery of large DNA molecules in vitro and in vivo 
because such particles are more readily taken up by cells than large 
aggregates. 

The particles may, however, contain more than one DNA molecules, in 
particular when smaller DNA molecules like oligonucleotides are applied. 

The particles of the invention are generally spherical in structure, their 
diameter may vary from approximately 25 nm (in case of plasmid DNA) to 
several hundred nm. It has been found that the volume of the formed 
particles is directly proportional to the length of DNA. This strongly suggests 
that the condensation of the DNA molecules is monomolecular. 

In a further aspect, the invention comprises the use of cationic molecules 
and/or cationic precursor molecules for preparing novel nucleotide 
transfection particles. 

In a further aspect, the invention comprises a method for preparing 
transfection particles, characterized in that cationic precursor molecules are 
added to nucleic acid molecules in a suitable buffer, allowed to form 
complexes with the nucleic acid and allowed to covalently link to identical or 
different cationic precursor molecules on the nucleic acid template. 

In a first step of the method, a DNA solution which contains one type of 
DNA molecules or a mixture of different molecules in a buffer is mixed with 
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a solution of precursor molecules, optionally with different precursor 
molecule solutions. 

Starting from the DNA concentration that is desired in the final transfection 
formulation and a given ratio of positive and negative charges, which 
depends on the specific application, the amount and the physical 
characteristics (solubility, c.m.c, etc.) of the precursor molecules are 
determined. Specific applications may be defined by the administration 
route, e.g, the systemic or the intravenous route, for which the transfection 
particles should not be positively charged in order to avoid undesired 
reactions with blood components, or by the cells to be targeted, which may 
require considering the preference for specific for binding charged particles. 
For selecting a suitable detergent as a precursor molecule, its critical 
micelle (c.m.c.) concentration, which is known for a given detergent or may 
be determined by means of a Langmuir balance, is important. For the 
concept of the invention, optimal results are obtained if the concentration of 
the detergent is below the c.m.c. 

The components are incubated under conditions that allow for complex 
formation; usually the complexes can form at room temperature during a 
short period of time, i.e. between several minutes and few hours. After 
mixing the complex partners, the precursor molecules are covalently linked, 
which may, dependent on the rate of complex formation, occur immediately 
after mixing or after the required longer period of time. Depending on the 
reactive groups available for linkage, linkage may occur spontaneously 
upon contact of the precursor molecules when bound to DNA. Alternatively, 
linkage may need to be mediated by a an additional agent, such as oxygen. 
The conditions need to be such that they do not affect the DNA molecule, 
therefore most precursor molecules that are preferably used in the present 
invention are dimerizable or oiigomerizable simply by air The suitable 
reaction conditions and the time course of the reaction steps can be 





determined by carrying out routine experiments in which the parameters are 
varied and the physical characteristics of the (intermediate) reaction 
products (complexes and compacted particles) are monitored, e.g. particle 
size measurement by laser light scattering. 

In case targeting/endosomolytic functions are present or are to be provided 
on the precursor molecules or on additional, non-dimerizabie cationic 
molecules, the method, e.g. in terms of incubation period for complex 
formation or introducing additional steps for modification of the cationic 
molecules, may be adapted. 

Suitable buffers for preparing the novel transfection particles are any buffers 
that allow complex formation and/or are compatible with the conditions for 
covalent linkage between individual cationic precursor molecules and for 
attaching the optional targeting/endosomolytic function. Other parameters 
such as the optimum pH value, the incubation time, the temperature, and 
the concentrations of nucleic acids and cationic precursor molecules and 
optionally molecules for targeting and/or endocytosis depend on each 
individual embodiment. These parameters may be optimized in routine 
serial experiments without undue burden for any the expert because the 
parameters are limited, for example to aqueous systems and to moderate 
conditions that do not alter the nucleic acid molecules. Furthermore, the 
Examples describe such parameters which may be easily modified. For 
example, suitable parameters for oxidizing cysteine precursor molecules in 
the presence of nucleic acid molecules that comprise a decane hydrophilic 
function and a guanidine cationic function to provide disulfide bridges are a 
stock buffer solution of 15 mM TrisHCI, pH 8.4, saturated with oxygen from 
three vacuum/oxygen atmosphere cycles, 90 yM (final concentration) 
cationic precursor molecules added before the addition of 60 pM (final 
concentration) plasmid DNA. 




A preferred use for the novel transfection particles of the invention i$ in vivo 
delivery of nucleic acid into mammalian cells for therapeutic applications. 

In this case the nucleic acid is thferapeutically active, e.g. an antisense 
oligonucleotide a plasmid encoding a therapeutically active protein. There 
are no limitations in terms of DNA sequence, any sequence that is useful in 
therapy, e.g. somatic gene therapy or immunotherapy, may be used. Non- 
limiting examples are given in WO 93/0783. 

Therefore, in a further aspect the invention relates to pharmaceutical 
compositions for gene delivery comprising transfection particles containing 
a pharmaceutical^ effective amount of a nucleic acid. 

Such pharmaceutical compositions may comprise transfection particles 
prepared freshly before administration, or off-the-shelf preparations which 
may be stored as a cooled liquid, in frozen form or as a lyophllisate, and 
which may contain addtional additives such as stabilizers, cryoprotectives, 
etc. Suitable additives are known in the art; reference is made to 
Remington's Pharmaceutical Sciences, 1980, for methods of formulating 
pharmaceutical compositions. 

Apart from in vivo DNA delivery, the particles of the invention are 
particularly useful for introducing large DNA molecules, e.g. artificial 
chromosomes into mammalian cells, which maybe important for regulated 
long-term gene expression. 

For in vivo and in vitro transfection a kit of parts for the preparation of 
transfection particles with the desired nucleic acid molecules can provide 
great convenience. Such a kit of parts may contain, for example, one or 
more types of cationic precursor molecules that may be used in different 
combinations to optimize their properties, one or more molecules for cell 



specific targeting/endosomolytic function, suitable buffers, and other 
reagents or mechanical devices that are useful for preparing, purifying or 
applying the novel transfection particles in vitro and in vivo. 

In the following, the invention is exemplified for the cationic precursor 
molecule N-decyl-2-guanldinium-cysteine: 

The detergent molecule was designed de novo (Example 1). Due to the 
preference for mild chemistry and the use of endogeneous-like compounds 
thiol was chosen as a dimerizable function, and cysteine was chosen as the 
non-toxic recipient backbone for constructing the polyfunctional molecule. It 
can be expected that once inside the endosomal compartment both 
lipophilic cysteine ester or amide vectors will be enzymatically cleaved back 
to cysteine and an aliphatic alcohol or amine with concomitant DNA 
decondensation and possible endosome lysis. 

Clean monomolecular DNA collapse is generally expected only for 
detergent concentrations below the critical micelle concentration (am. a). 
Several n-alkyl esters of cysteine were synthesized by DMAP-catalyzed 
dicydohexylcarbodiimide (DCC) dehydration and their c.m.c.'s were 
determined with a Langmuir balance (20 mM MES buffer, pH 6), providing 
the following results (n-alkyl chain length / c.m.c): dodecane / 15 pM; 
undecane / 80 pM; decane / 320 pM; octane / > 2000 pM. Typical working 
plasmid concentrations for gene delivery experiments being in the 50 pM 
range, the decane chain is a safe choice. The weakly basic nature of the 
cysteine ester primary amine function (pKa c 6.8) is insufficient for 
simultaneous DNA binding (which requires a protonated detergent) and 
reasonable thiol oxidation rates in slightly basic medium. The amine 
function was therefore converted into a highly basic guanidine which is 
known to interact strongly with DNA (C10 -CG+, Fig. 2). 
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Oxidative detergent dimerization was expected to be prone to a template 
effect of DNA (Fig. 1 ). Fast intra-complex reaction is a key aspect to 
formation of small and stable particles since extensive detergent 
dimerization into lipid prior to DNA binding would bring the system back to a 
classical cationic lipid/DNA complex formation/aggregation process. 
Enhanced air oxidation rate was indeed observed in the presence of DNA 
(Fig. 3). 

Below the c.m.c, the major attractive force is that of anionic DNA towards 
isolated cationic amphiphile molecules. Prior to oxidation, complexes should 
therefore be close to electroneutraiity even when the detergent is slightly in 
excess. Therefore plasmid DNA (60 pM in 15 mM TrisHCI pH 8.4) was 
mixed with C10 -CG+ (to 90 jjM) and left in aerobic conditions for 24 h. 
During the instantaneous complex formation step, the typical UV absorption 
spectrum of DNA centered at 260 nm was increased by 15%; no further 
change (once corrected for disulfide absorption) and no turbidity was 
observed du ring oxidation. The CD spectrum of the complexes was typical 
of B-DNA, ruling out the occurrence of a liquid crystalline Y-DNA phase in 
the complexes. It remained time-independent over a period of 24 h. The 
most stringent test of stability, however, was that performed In 
physiologically relevant Ionic concentrations, where cationic lipid/DNA 
complexes are known to aggregate3, 9. Remarkably, the UV spectrum of 
(C10 -CG+)2/DNA complexes remained unchanged after 3 days in 150 mM 
NaCI. Spectroscopy thus gave indirect evidence for the formation of small 
and stable amphiphile/DNA complexes. 

Transmission electron microscopy (TEM) of an unfiitered solution of these 
complexes displayed a surprisingly homogeneous population of nearly 
spherical objects (71% monomers, n=109) with a few larger structures 
{Fig. 4a), Moreover, the larger structures were clearly dimers (Fig, 4b, d) or 
oligomers which may have arisen, incidentally and which displayed no 




tendency to merge into more intimately fused aggregates as cationic lipids 
do3. Raising stepwise the detergent concentrations above the c.m.c. of C10 
-CG+ progressively led to less clearcut UV and TEM results due to time- 
dependent aggregation (data not shown), in agreement with the hypotheses 
underlying the concept. At the highest magnification (Fig. 4c) the particle 
size was measured to be 23±4 nm. A rough calculation using typical DNA 
and annphiphile molecular dimensions led to a sphere of 28 nm diameter 
when adding the volumes of a 5.5 Kbp plasmid to that of 5 500 lipid 
molecules. TEM thus provides strong evidence for monomolecular DNA 
collapse. 

In a series of experiments, the reversibility of complex formation as well as 
the stability of complexed DNA towards degradation were assessed by 
electrophoresis (Fig. 5). While C10 -CG+ was unable to retard DNA 
migration, except for concentrations well above the cmc. where 
presumably precipitation occurs (not shown), the oxidized (C10 - 
CG+)2/DNA particles did not migrate and were stable during 
electrophoresis (Fig. 5, lane 2). Yet the cationic lipid/DNA particles could be 
destroyed either with excess sodium dodecyl sulfate detergent (SDS, 
lane 3) or by converting the lipid back to the original C10 -CG+ detergent 
with excess reducing dithiothreitol (DTT t iane 4). Serum nucleases present 
in cell culture medium rapidly degrade supercoiled plasmid DNA (lanes 1 
and 8) into a smear of fragments with many nicks (lane 5). The lipid/DNA 
particles, however, are physically stable in this medium (lane 6) and protect 
to a large extent the nucleic acid from degradation, as the plasmid is 
essentially converted into a slower migrating circular relaxed form (revealed 
after SDS treatment, lane 7). 

Being devoid of excess cationic surface charge, these particles are not 
expected to bind efficiently to cell-surface polyanions (Labatmoleur, 1996, 
Mislick, 1996). As a consequence they should not transfect cells. 
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Preliminary experiments performed with a luciferase reporter gene and 
BNL CL2 murine hepatocytes indeed confirmed this. However cation ic 
particles formed with a 3-fold excess detergent led to reporter gene 
expression, confirming that, once in the cell, the fate of the complexes was 
that of a non-viral vector. 

Brief description of the figures 

Fig. 1 : Schematic representation of cationic detergent-induced 
monomolecular collapse of plasmid DNA 

Fig. 2: Synthesis of a lipophilic guanidyl-cysteine amide detergent 

Fig. 3; Oxydation rate of cysteine detergent C10 -C^ + into cystine lipid 
(C10 -C )2 occurs faster in the presence of template DNA 

Fig. 4; Transmission electron microscopy of an unfiltered solution of 
(C10 -C G+ )2 cationic lipid / DNA particles 



Fig. 5: Physical and chemical stability of the <Cio -C )2 / DNA complexes 
(agarose gel electrophoresis) 

Fig. 6; Nanosizing DNA particles condensed with C10-C Measurement of 

particle size 
A: Phage lambda DNA 
B: Phage T4 DNA 
C: CMV-tuc DNA 




Fig. 7A.B: Nanosizing DNA particles condensed with C10-C Proof for 
monomolecular DNA condensation 

O + 

Fig. 8: Transfection of lipophilic guenidyl cysteine amide (C10-C )/DNA 
complexes into the cell line BNLCL2 

Fig. 9: Synthesis of a lipophilic alcohol cysteine ester detergent 

Fig. 10: Determination of the critical micelle concentration (c.m.c.) of the 
lipophilic alcohol cysteine ester detergents with and without DNA. 
c.m.c, of a detergent with C8, C10, C11 and C12 cysteine. 

Fig. 1 1 : Determination of the critical micelle concentration (c.m.c.) of the 
lipophilic alcohol cysteine ester detergents with and without DNA 
A: c.m.c. of C10 cysteine detergent with and without DNA 
B: c.m.c. of C1 1 cysteine detergent with and without DNA) 

Fig. 12: Oxydation of C10 cysteine detergent with and without DNA 

Fig. 13: Synthesis of a lipophilic alcohol gu a nidyl -cysteine ester detergent 

Fig. 14: Synthesis of a lipophilic omithyl-cysteine amide detergent 

Fig. 1 5: Synthesis of a lipophilic alcohol galactosyl-cysteine ester detergent 

Fig. 16: UV spectroscopy of spermine-N1,N12-bis-cysteineamide or spermine 
particles 



Fig. 17: 



Agarose gel electrophoresis. Stability of particles formed either with 
spermine or with spermine-N1,N12-bis-cy5teineamide 




Abbreviations 



Ac = CH 3 - C(O) 
DCC = dicyclohexylcarbodiimide 
□MAP = dimethylaminopyridine 
DCU » dicyclohexylurea 
DDT = dithiothreitol 

DMEM = Dulbeccos Modified Minimum Essential Medium 

EDC ' N-{3-DimethylaminopropyI)-N- ethyi-carbodiimide hydrochloride 

Et = C 2 H 5 

Ether = diethylether 

HEPES a hydroxyethylpiperazino ethane sulfonic acid 
Me = Methyl 

MES = Morpholinoethane sulfonic acid 
MS = mass spectrometry 
MES - PEI = polyethylenimine 

BocON = 2-tert-butoxycarbonyi-oxyimino)-2-phenylacetonitrile 
pM bp = micromolar concentration of DNA calculated per base pair 
(MW = 660) 

Cio-C G+ = Lipophilic guanidyl-cysteine amide 

TA = Tris-acetate 

THF = tetrahydrofuran 

TLC = thin layer chromatography 

Example 1 

a) Synthesis of a lipophilic guanidyl-cysteine amide detergent 

The Synthesis of the lipophilic compound was carried out according to the 
scheme as depicted in Fig. 2. 




Step 1 

Manufacture of N-fert-butoxycarbonyl-pyrazole-1-carboxarnidine 

» 

To a solution of di-tert-butyl dicarbonate (7.43 g, 33 mmol) in 100 ml 
dichloromethane 11.3 ml of N,N-diisopropyiethylamine (66 mmol) and 4.40 g of 
1H-pyrazole-1-carboxamidine hydrochloride (30 mmol) were added. The solution 
was agitated for 3 h at room temperature and then evaporated to dryness. The 
obtained white solid was dissolved in 200 ml ethylacetate, the organic phase was 
washed with 5 % (w/w) sodium hydrogen carbonate, dried over magnesium 
sulfate and finally evaporated to dryness. The residue was dissolved in boiling 
hexane. The solution was allowed to stand at room temperature over night and 
then at 4°C for 24 hours. The crystals thus formed were recovered by filtration 
and washed in cold hexane (0 e C). After drying, 5.28 g of white crystals were 
obtained (25 mmol yield-84 %). 

C 9 H 14 N40 2 ; 210,24 g/mol 

TLC : Rf (20% AcOEt / Hexane) = 0,3. 

TLC on reverse phase: Rf (60% CH 3 CN / 30% H 2 0 / 1 0% MeOH) =0,5. 

NMR'H (CDCI 3 ); 8 ppm : 1.56 (s, 9H, C(CH 3 )3); 6.41 (dd, Ji=3 Hz, J 2 =1,5 Hz, 1H, 
CH-CH=CH); 7,50-7,70 (brs. 1H. =NH); 7,69 (d, J=1,1 Hz. 1H, N=CH); 8.46 
(d, J=3 Hz. 1H, N-CH); 9,01-9,20 (brs, 1H, NHBoc).(ln this and in the other NMR 
spectra, the hydrogen atoms assigned to the signal are in bold print.) 




MS (FAB+), m/z : 211.1 [MH*]; 155,0 [MH + - r-Butyl]. 



Step 2 

Manufacture of N,N'-bis-terNbutoxycarbonyl-pyrazo!e-1-carboxamidine 



Q 

To a suspension of sodium hydride (1.60 g, 40 mmoi) in 70 ml tetrahydrofurane 
at 0 6 C 2.10 g N-^rt-butoxycarbonyl-pyra20le-l-carboxamidine (10 mmol) were 
added. The suspension was intensely agitated for 1 h at 0°C. Then 4.5 g 
di-tert-butyl dicarbonate (20 mmol) were added and placed at room temperature 
and then gradually heated to the reflux. After one night under reflux the reaction 
medium was cooled to 0 e C; 2.3 ml acetic acid were added and the solution was 
agitated during 15 min. The organic phase was washed with 60 ml 5 % (w/w) 
sodium hydrogen carbonate, 60 ml of a saturated NaCI solution, dried over 
magnesium sulfate and then evaporated to dryness. The obtained residue was 
purified by silica chromatography (gradient 5 to 15 % ethylacetate In hexane) to 
obtain 2.48 g of a white solid (8.0 mmol, yield=80 %>. 



C14H22N4O4; 310,36 g/mol 



TLC : Rf (20% AcOEt / Hexane) = 0.3. 

TLC on reverse phase: Rf (60% CH3CN / 30% H 2 0 / 10% MeOH) = 0,4. 



• • • 



39 



• • • 

• • • • • • 



12/494 



NMR 1 H (CDCI3); 6 ppm : 1 ,52 (s, 9H, C(CH 3 ) 3 ); 1 ,58 (s, 9H t C(CH 3 ) 3 ); 6,43-6,46 
(m, 1H, CH-CH=CH); 7,64-7,66 (m f 1H, N=CH); 8,33 (d, J=3 Hz, 1H, N-CH); 8,93 
(brs, 1H, NHBoc). 



MS (FAB+), mlz : 311,1 [MH*]; 255,0 [MH*- f-ButyQ; 211,0 [MH + - Boc]; 199,0 
[MH* - 2/-Butyl]; 155,0 [MH* - Boc - f-Buty!]. 



Step 3 

Manufacture of N.S-bis-^erf-butoxycarbonylcysteine-decylamide 




To a solution of N,S-bis-te/?-butoxycarbonylcysteine (1 g; 3.1 1 mmol) in 6 ml 
dichlorornethane and 200 \j\ tetrahydrofurane 430 mg N-hydroxysuccinlmlde 
(3.73 mmol) were added. The reaction mixture was cooled to 0*C and 713 mg 
N,N'-dicyctohexylcarbodiimide (3,42 mmol) were added. After 2 h of reaction at 
0°C, 680 (jl decylamine (3.42 mmol) were introduced and the solution was 
agitated for 6 h at ambiant temperature. Then the reaction medium was filtered, 
evaporated to dryness and then taken up in 200 ml ethylacetate. The organic 
phase was washed in subsequent steps with 100 mi 5 % (w/w) sodium hydrogen 
carbonate, 100 ml water, 100 ml citric acid 0.5 M, 100 ml water, then dried over 
magnesium sulfate and then evaporated to dryness. The obtained residue was 
purified by silica chromatography (gradient 1 to 3 % methanol in 
dichlorornethane) to obtain 1.27 g of a translucid oil (275 mmol, yield=88 %). 
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C23H44N2O5S; 460,68 g/mol 

TLC : Rf (5% MeOH / 1 % AcOH / CH 2 CI 2 ) = 0,6. 

NMR 1 H (CDCi 3 ); 5 ppm: 0,89 (t, J=7 Hz, 3H, CH3); 1,21-1.38 (m, 14H, 
CH3-(CH 2 )7-CH2CH 2 NH); 1,45 (s, 9H, NH-C(CH 3 ) 3 ); 1,51 (s. 9H. S-C(CH 3 > 3 ); 
1,42-1,58 (m. 2H, CH 2 -CH 2 NH). 3,08-3,32 (m, 4H, CH 2 -S, CH 2 -NHCO); 4,27 (dd, 
Ji=13 Hz, J 2 =8 Hz, 1H. CH-CONH); 5.35-5,43 (brs, 1H, NHBoc); 6,28-6.37 (brs. 
1H, NHCOCH). 

MS (FAB+), m/z : 461 .3 [MH*J; 405,3 [MH*- f-Butyl]; 361,3 [MH* - Boc]; 349,2 
[MH + - 2 f-Buiyl]; 305,2 [MH* - i-Butyl - Boc]; 261 ,2 {MH + - 2Boc]. 



Step 4 

Manufacture of S-fert-butoxycarbonylcysteine-decylamlde 



461 mg N,S-bis-tert-butoxycarbonyl-L-cysteine-decylamide (1 mmol) were 
dissolved in 3 ml 2N HCI/AcOEt at 0 e C and agitated for 1 h. The solution was 
evaporated to dryness and then taken up in 100 ml ethylacetate. The organic 
phase was washed twice with 5 % (w/w) sodium hydrogen carbonate, dried over 
magnesium sulfate and then evaporated to dryness. The obtained oil was purified 
by silica chromatography (gradient 0 to 3 % methanol in dichloromethane) to 
obtain 233 mg of a translucid oil (0.65 mmol, yield=65 %). 




o 
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CieHaeNsOsS; 360,56 g/mol 

TLC : Rf (10% MeOH / CH 2 CI 2 ) ~ 0,7. 

NMR 1 H (CDCI 3 ); 5 ppm: 0,89 (t, J=6 Hz, 3H, CH3); 1,10-1,40 (m, 14H, 
CH 3 -(CH 2 )t-CH 2 CH2NH); 1,41-1,58 (m, 2H, CH 2 -CH 2 NH); 1,50 (s, 9H, S- 
C(CH 3 ) 3 ); 1 ,62 (brs, 2H, NH 2 ); 3,06 (dd T J^U Hz, J 2 =8 Hz, 1H, CH-S); 3,24 (dt, 
J,=7 Hz, J 2 =7 Hz, 2H, CH 2 -NHCO); 3,37 (dd, J-^14 Hz, J 2 =4 Hz. 1H. CH-S); 3,56 
(dd. Ji=8 Hz, J 2 =4 Hz, 1H, CH-CONH); 7,3-7,4 (brs, 1H. NH). 

MS (FAB+), m/z : 361,2 [MH 4 ]; 305,1 [MH 4 - terf- Butyl]; 261,1 [MH* - Boc]. 
Step 5 

Manufacture of N,N'-bis-ferf-butoxycarbonyl-guanidinyl-S-te/f- 
butoxycarbonylcysteine-decylamide 




N^'-bis-fert-butoxycarbonyi-pyrazole-l-carboxamidine (178 mg; 0.572 mmol) 
was added to a solution of S-tert-butoxycarbonylcystelne-decylamide (227 mg; 
0.630 mmol) in 3 ml acetoniirile. The reaction mixture was stirred for 2 days at 
room temperarure and taken to dryness. The residue was purified by silicagel 
chromatography (10-15% ethyl acetate in hexane), leading to a white solid (281 
mg; 0.47 mmol, 81%). 




CzaHjuN-tO/S; 602,84 g/mol 

TLC: Rf (20% AcOEt / Hexane) = 0.6. 

NMR 1 H (CDCIj); 6 ppm: 0,9 (t, J=6 Hz, 3H, CH 3 ); 1,18-1,40 (m, 14H, 
CH 3 -(CH2)7-CH 2 CH 2 NH); 1,45-1,65 (m, 29H, 3 X -C(CH 3 ) 3 , CH2-CH2NH); 3,17- 
3,35 (m, 4H, CH 2 -S, CH 2 -NHCO); 4,8 (dd, Ji=11 Hz, J 2 =6 Hz, 1H, CH-CONH); 
6,98-7,07 (m. 1H, CH 2 CH 2 NH); 8.81 (d, J=7 Hz, NH-Boc); 1 1,36 (si. 1H, NH- 
CN(NH)). 

MS (FAB+), m/z : 603.3 [MH*]; 547.2 [MH* - f-Butyl]; 503.3 [MH* - Boc]; 447.2 
[MH* - f-Butyl - Bocl; 403.2 [MH* - 2Boc]; 347.1 [MH*- <-Butyl - 2BocJ; 303.2 [MH* 
- 3Boc]. 



Step 6 

Manufacture of Guanidyl-cysteine-decylamide (C10-C 6 *) 



SI 1 




N,N'-bis-ferf-butoxycarbonyl-guanidinyl-S-terf-buloxycarbonylcysteine- 
decylamide (60 mg; 0.1 mmol) was dissolved into 1 ml trifluoroacetic acid and 
stirred under argon atmosphere for 2 h at room temperature. The mixture was 
taken to dryness and the resulting colorless oil was dissolved into 1 ml 
perdeuteroethanol.The resulting 0.1 M stock solution was kept under argon 
atmosphere at -80 S C. The thiol content was determined with Elmann's reagent 
following the method of Riddles et al. (87%). 



C 14 H a oN 4 OS; 302.48 g/mol 
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NMR 1 H (CD3CD2OD); 5 ppm: 0,90 (t, J=6 Hz. 3H, CH 3 ); 1,27-1,42 (m, 14H, CH 3 - 
(CH 2 )7-CH 2 CH 2 NH); 1 ,50-1,61 (m, 2H, CH 2 -CH 2 NH); 2,90-3.35 (m. 4H, CHa-S. 
CH2-NHCO); 4,32-4,40 (m, 1H, CH-CONH). 

G+ 

b) Oxydation rate of cysteine detergent C10-C into cystine lipid 

(C10 -C G+ )2 occurs faster in the presence of template DNA. The stock buffer 
solution (TrisHC1 15 mM pH 8.4) was saturated with oxygen by three 
vacuum/oxygen atmosphere cycles. C10 -C was injected from a concentrated 
stock solution to a final concentration of 90 jjM. For each time point, a 0.5 ml 
aliquot was removed and mixed with 0.5 ml 2XEIIman's reagent. The remaining 
free thiol was quantitated spectrophotometrlcally according to Riddles et al. (1979 
). For the template experiment, pCMVluc plasmid DNA was added to a final 
concentration of 60 pM before addition of the detergent. The results of the 
experiment are shown in Fig, 3. 

c) Transmission electron microscopy (Fig, 4) 

Transmission electron microscopy of an unfiltered solution of (Ci 0 -C )2 
cationic lipid / DNA particles showing (a) a very homogeneous population (b) of 
spheres (c. d) with a diameter of ca. 23 nm; scale bar corresponds to 100 nm for 
all pictures. Sample solution was prepared by adding the detergent (90 uM final 
concentration) to a 60 uM pCMVluc DNA solution in HEPES buffer (1 5 mM, pH 
7.4) and leaving the solution in aerobic condition overnight. Carbon films were 
prepared by sublimation on freshly cleaved mica and recovered by flotation on 
Cu/Rh grids (300 mesh, Touzard&Matignon, Courtaboeuf, France). After 
overnight drying, grids were kept on a blotting paper in a Petri dish. Immediately 
before sample addition, grids were glow-discharged (110 mV, 25 s). A drop (5 pi) 
of sample solution was left on the grid for 1 min. Complexes were negatively 
stained with 30 u! aqueous uranylacetate (1 % w/w) for 20 s, and excess liquid 
was removed with blotting paper. Observations were performed at 80 kV with a 
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Philips EM 410 transmission electron microscope. Similar results were obtained 
with complexes observed in 0.15 M NaCI. (Fig. 4). 

d) Physical and chemical stability of the (C-jq -C G+ )2 / DNA complexes 
(Fig. 5). 

1% agarose gel electrophoresis (90 min at 8 V/cm in 40 mM Tris-acetate buffer 
pH 8) of 20 pi samples containing 0.4 pg (lanes 1-4) or 0.2 pg (lanes 5-8) pCMV- 
luc plasmid DNA. Complexes were made by addition of a 100-fold concentrated 

C10 -C^ detergent solution (90 pM final concentration) to a solution of plasmid 
(60 pM) in HEPES buffer (15 mM. pH 7.4). The solution was gently mixed once 
and left to oxydize for 24 h. Lane 1 : 60 pM plasmid DNA. Lane 2: 60 pM oxydized 
C 1 + 

(Ci 0 -C )2/DNA complexes* Lane 3: as lane 2 in 3 mM final sodium 
dodecylsulfate before loading. Lane 4: as lane 2 in 6 mM dithiothreitol before 
loading. Lane 5: 60 pM plasmid incubated for 1 h at 37 g C with an equivalent 
volume of DMEM cell culture medium containing 10% serum. Lane 6: 60 p M 

oxydized (C10 -C G+ )2/DNA complexes incubated as lane 5. Lane 7: as lane 6 in 
3 mM final sodium dodecylsulfate before loading. Lane 8: 30 pM pCMV-luc 
plasmid DNA. 
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e) Nanosizing DNA particles condensed with C10-C 

Complexes were formed with plasmid CMV-Luc (5.6 kbp) ( with X phage DNA 
(48 Kbp) and with T4 DNA (167 Kbp) in a concentration of 15 pM bp in Tris-HCI 
(15 mM pH 8.4). After 24 h of incubation the measurements were carried out. 
The results are shown in Fig. 6 (Fig. 6A: phage lambda. Fig. 6B: phage T4. Fig. 
6C: CMV-Luc. 1eq. = 30pM; 1.2 eq. = 36pM; 1.4 eq. =42pM). 
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In case of monomolecular condensation of the DNA molecules the volume of the 
formed particles is directly proportional to the length of DNA: 
volume=constant x length of DNA (bp). 

In case of spheric particles the volume is proportional to the third power of the 
diameter (vol=4PiR 3 /3) t which can be presented by the following equation; 
particle diameter = constant x (length of DNA (bp)) 1/3 . When the minimum 
particle size derived from different DNAs (Fig. 7B) was plotted as a function of 
the cubic root of their size (Fig. 7A), one could draw a straight line through the 
points including the origin. This is the proof for monomolecular condensation. 

f) Transfection of lipophilic alcohol cysteine amide (C10-C )/DNA 
complexes into the cell line BNLCL2 

24 h before transfection the cells were distributed in a 24 well culture plate 

(50.000 cells per well. Cells were cultured in 75-cm 2 flask (Costar) in Dulbecco's 
modified Eagle's medium (DMEM, GIBCO), streptomycin at 100|jg/ml (GIBCO), 
penicillin at 100 international units/ml (GIBCO); and glutamine (glutamax) at 
0.286 g/ml (Lancaster) at 37°C in humidified 5% C02-containing atmosphere. 

Complexes with the plasmid CMV-Luc were formed by adding an aliquot of a 

concentrated Cio-C^ + solution to a solution of the plasmid (30 pM bp) in 
oxygen-saturated Tris-HC! 15 mM pH 8.4. The solution was then incubated in 
oxygen atmosphere for 24 h. Immediately before transfection, the medium was 
replaced by fresh medium without serum. 100 pi of the transfection solution 
containing the complexes were added per well (2 pg DNA). 3 h after the 
transfection ! % serum was added, 1 h later 9 % serum. 6 h after transfection the 
transfection medium was replaced by a medium complemented to 10 % serum. 
24 h later luciferase expression was determined with a commercially available kit 
(Promega) in a luminometer (Berthold). Each experiment was conducted in 




duplicate, the results are given as light units per mg protein (bicinchoninic acid 
(BCA) t&si, Pierce). As an internal standard a DNA complex containing 10 charge 
equivalent of PEI (polyethylenimine, 25 kDa) was used (Fig. 8). 



Example 2 

Synthesis of a lipophilic alcohol cysteine ester detergent 

The synthesis was carried out according to the scheme depicted in Fig. 9. 

Step 1 

Manufacture of N,S«Bis-tert-butoxycarbonyl-L-cysteine 




o c 

945 mg L-cysteine chlorohydrate (6 mmol) were dissolved in 10 ml deionized 
water in which gases were removed by vacuum, 2.625 g BocOBoc (12 mmol) in 
10 ml THF and 5.4 ml triethylamine (39 mmol) were added to this solution. After 
two days of stirring under argon atmosphere and ambient temperature, the 
reaction medium was evaporated to a volume slightly below 10 ml. Then 10 ml 
deionized water were added and the aqueous phase was washed with ether in 
order to remove the remaining non-reacted BocOBoc. Next the aqueous phase 
was acidified to pH 3 with saturated citric acid and extracted with ether (3 x 
50 ml). The ether phases were washed with 0.5 M citric acid (2 x 100 ml), dried 
over MgS04 ar *d evaporated. Chromatography over a silica column (elution with 
a CH2Cl2/MeOH gradient containing 1 % acetic acid from 0 % to 2 %) yielded 
1 .34 g N t S«bis-tert-butoxycarbonyl-cysteine (4,2 mmol; yield=70 %). 




TLC : Rf (CH2CI2, MeOH 5%, AcOH 1%) - 0,5. 
The structure of the obtained product was confirmed by nuclear magnetic 
resonance NMR 1 H (CDCI3) and the chemical shifts 5 (ppm): 1.46 (s, 9H, N-Boc); 
1,50 (s, 9H, S-boc); 3.22 (dd, J-|=15 Hz, J2=7 Hz, 1H, Ha); 3.36 (dd, Ji=15 Hz. 
J2=5 Hz, 1H, Ha); 4.34-4,57 (m, 1H. Ho); 5.45 (d, J=7,2 Hz, 1H, He); 6.34 (brs, 
1H, Hd). 

MS (FAB+) : 322,1 (MH + ). 
Step 2 

Manufacture of a lipophilic alcohol ester of N,S-Bis-tert-butoxycarbonyl-L- 
cysteine 




n = 0, 2,3, 4 



To a solution of lipophilic alcolhol (1.2 mmol) in 2.5 ml anhydrous 
dichloromethane 321 mg N.S-bis-tert-butoxycarbonyl-cysteine (1 mmol) and 
24 mg 4-dimethylaminopyridine (0.2 mmol) were added. The solution was then 
cooled to 0°C and 268 mg DCC (1.3 mmol; or EDC) were added. The solution 
was stirred for 2 h at 0°C and then over night at room temperature. Then the 
reaction medium was evaporated to dryness and the residue was resuspended in 
10 mi ethylacetate. The suspension was filtered and the filtrate was diluted in 
10 ml ethylacetate. The organic phase was washed with 20 ml distilled water, 
20 ml aqueous 5 % sodium carbonate solution and 20 ml distilled water. The 
organic phase was dried over MgS04 and then evaporated to dryness. The 
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obtained oil was finally chromatographed over a silica column (elution with 
hexane/ethylacetate from 0 % to 7 %) in order to obtain a translucid oil. In the 
case of C1 0 cysteine (n=2) a yield of 73 % was obtained. TLC (hexane, AcOEt 
10%) Rf=0.50 

The structure of the obtained product was confirmed by nuclear magnetic 
resonance NMR 1 H (CDCI 3 ) the chemical shifts 5 (ppm) were determined as 
follows: 0,90 (t, J=6.9 Hz, 3H, H 5 ); 1.25-1 ,42 (m, 12H. H 3 ); 1,46 (s, 9H. N-Boc); 
1 .51 (s, 9H, S-Boc); 1,56-1,71 (m, 4H, H2. H4); 3,18-3,38 (m. 2H, H a ); 4,14 (t, 
J=6.6 Hz, 2H, Hi); 4,50-4,58 (m. 1H, Hfa); 5.30-5,38 (m, 1H. H b ); 5,30-5,38 (m, 
1H, K c ). 



MS (FAB+): 462.4 (MH + ). 



Step 3 

Manufacture of a lipophilic alcohol cysteine ester 




0.2 mmol of the lipophilic alcohol ester of N,S-bis.tert-butoxycarbonyl-L- C ysteine 
dissolved in 1 .5 ml trifluoroacetic acid were stirred in argon atmosphere for 1 h. 
The reaction medium was evaporated and the obtained translucid oil was 
dissolved in 1 mi deutero-ethanol and kept under argon atmosphere at -80°C. 
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The measurement of thiol groups with Ellman's reagent (Riddles et al., 1979) 
showed that the deprotection reaction was quantitative. 



In the case of C10 cysteine (n=2): 

The structure of the obtained product was confirmed by nuclear magnetic 
resonance NMR 1 H ([D 6 ]ethanol) and the chemical shifts 5 (ppm) were 
determined as follows: 0,91 (t, J=6,8 Hz. 3H, H5); 1,24-1,48 (m, 14H, H3, H4); 
1,66-1,78 (m, 2H, H2); 3,06-3.22 (m. 2H, H a )l 4,18-4,40 
(m, 3H.Hb.Hi). 



MS (FAB+) : 262,2 (MH + ). 

b) Determination of the critical micelle concentration (c.m.c.) of the lipophilic 
alcohol cysteine esters with and without DNA 

i) c.m.c. of a detergent with C8, C10, C1 1 and C12 cysteine 

Measurement of the c.m.c. was acomplished with a Langmuir balance in a MES 
buffer (20 mM pH 6) containing 10 mM DTT. When representing the surface 
tension as a logarithmic function of the detergent concentration a break at the 
c.m.c. was observed (Fig. 10). 

Applying this method c.m.c.'s of the compounds having different chain length 
(C8, C10, C11, C12) were determined. 



V U\ 1 rJ 'A ML i- ' ^ 1 it: a, v^U_ 
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Cn-Cystein© 


CMC ] 


C8 


> 2 mM 


C10 


320 MM 


C11 


80 uM 


C12 


15 uM 

J 



• ii) c m c of C10 and C1 1 cysteine with and without DNA. In an analogous 

manner as above the c.m.c. value of C1 0 cysteine and C1 1 cysteine was 
determined, the buffer containing calf thymus DNA at a concentration of 3 
bp (Fig. 11 A. B). 



CnCysteine 


CMC without DNA I 


CMC with DNA 


C10 


320 uM 


50 uM 


C11 

i 

i 


80 pM 


32 UM 

_ 



c) Oxidation of C1 0 cysteine with and without 



The speed of the oxidation of C10 cysteine was determined by measunng the 
thiol groups, using Ellman's reagent (Riddles et a... 1979), as a function of time. 
The measurement was carried out in a solution of 60 uM C10 cysteine ,n 
MES 20 mM P H 6 without DNA or in the presence of 30 uM bp CMV-Luc 
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(Fig. 12). 
Example 3 

Synthesis of a lipophilic alcohoi guanidyl-cysteine ester detergent 

The synthesis was carried out according to the scheme depicted in Fig. 13. 



Step 1 

Manufacture of S-ferf-butoxycarbonylcysteine-decylester 




231 mg N.S-bis-fert-butoxycarbonyl-cysteine-decylester (0,5 mmol) were 
dissolved in 1 .1 ml 2.2 N HCI/AcOEt. The solution was agitated for 1 h at ambient 
temperature and then evaporated to dryness. The obtained residue was taken up 
in 50 ml ethylacetate. The organic phase was washed twice with 25 ml 5 % (w/w) 
sodium hydrogencabonate, dried over magnesium sulfate and then evaporated to 
dryness. The obtained oil was purified by silica chromatography (gradient 0 to 
3 % methanol in dichloromethane) to obtain 141 mg of a yellow oil (0.39 mmol. 
yield=78%). 



CieH 3 5N0 4 S;361 ) 55 g/mol 
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NMR 1 H (CDCW. » PP- 0» (t, >7 Hz. 3H, CH3* 1.20-1.42 <m, 14H. 
CH3-0(CH„r-CH 2 CH 2 0>; 1.50 <s. 9H. C(CH lW . 1.58-1,72 (m. 4H. CHrCH*. 
NH,)- 3,03 (dd, J,-14 Hz, J 2 =7 Hz, 1H, CH-S); 3.26 <dd. J,=U Hz, J 2 =5 Hz 1H. 
CH^S); 3,71 (dd, J,=7 HZ, J2 =5 HZ. ,H, CH-COO); 4.13 (t, J*6 Hz, 2H. CH,G). 

MS (FAB+), m/z : 362.2 rMH~): 306,2 [MH* - (-Butyl]; 262,2 [MH* - Boo]. 



Step 2 

Manufacture of N,N'-bis-<ert-butoxycarbonyl-guanldlnyt-S-t e rt- 
butoxycarbonylcysteine-decylester 

>r 

( V 

o 



To a solution of 99 mg of s-fart-butoxyoa^onyloyeteine^ecyl^r (0.275 mmol) 
in 1 ml acetonitril 78 mg N.N--bi S .tert-butox y oarbon y l-pyrazole-1-carboxa ml d,ne 
(0 25 mmol) were added. The reaction medium was agitated for 2 days at 
Lien, temperature, then evaporated to dryness. The obtained residue was 
purified by silica chromatography (gradient 0 to 7 % ethylacetate in hexane) to 
obtain 127 mg of a translucid oil (0.21 mmol, yleld-84 %). 



C2»H M NjOaS; 603.82 g/mol 
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TLC : Rf (10% AcOEt / Hexane) - 0,5. 

NMR 1 H (CDCI 3 ); S ppm: 0,9 (t, J=7 Hz, 3H. CH 3 ); 1,25-1,42 (m, 14H. CH 3 -(CH 2 >r- 
CH 2 CH 2 0); 1.479 (s, 9H. C(CH 3 ) 3 ); 1,493 (s, 9H, C(CH 3 ) 3 ); 1,497 (s, 9H. 
C(CH 3 ) 3 ); 1 ,58-1 ,73 (m. 2H. CH 2 -CH 2 0): 3,31 (dd. J,«14 Hz. J 2 =5 Hz, 1H. CH-S); 
3,50 (dd, J, = 14 Hz, J 2 =5 Hz, 1H, CH-S); 4,0{>4,20 (m, 2H. CH 2 -0); 5,15 (dt. J,=7 
Hz, J 2 =5 Hz, 1H, CH-COO); 9,00 (d, J=5 Hz. 1H, NH-Boc); 11,42 (bra. 1H, NH- 
CN(NH)). 



Step 3 

Manufacture of guanidyi-cysteinefKiecylester 



Nll j 



30 mg of N,N'-bis-^rt-butoxycarbonyl-guanidinyl-S-tert-butoxycarbonylcysteine- 
decylester (0.05 mmol) dissolved in 1 ml trifluoroacetic acid were agitated under 
argon atmosphere for 2 h at ambient temperature. The reaction medium was 
then evaporated to dryness and the obtained translucid oil was dissolved in 1 ml 
deutero-ethanol. The solution was kept under argon atmosphere at -80'C. The 
yield of the reaction was determined by measuring the amount of thiol functions 
with Ellman s reagent (Riddles, et al.. 1979). The reaction yield was 80 %. 



C14H29N3O2S; 303,46 g/mol 

NMR 1 H (CD 3 CD 2 OD); 8 ppm: 0,90 (t. J=6 Hz, 3H, CH 3 ); 1,25-1,47 (m. 14H, CH 3 - 
(CH 2 ) 7 -CH 2 CH 2 0); 1.60-1,77 (m. 2H, CH 2 -CH c O); 2,98-3.27 (m, 2H, CH 2 -S); 
4.12-4,30 (m. 2H, OCH 2 ); 4.32-4.40 (m, 1H, CH-CONH). 
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Example 4 



Synthesis of a lipophilic ornithyl-cysteine amide detergent 

The synthesis was carried out according to the scheme depicted in Fig. 14, 



Step 1 

Manufacture of S-tert-butoxycarbonyicysteine hydrochloride 



ho 2 <t nhj'ci- 



642 mg of N,S-bis-fert-butoxycarbonylcysteine (2 mmol) were dissolved in 3 ml 
2.9 N HCI/AcOEt and the solution was agitated at ambient temperature for 
20 min. 3 ml ether were added to the reaction medium and the obtained crystals 
were collected by filtration, washed with ether and finally dried under vacuum. 
Thereby 405 mg of white crystals were obtained (1.57 mmol, yield=79 %). 



C 6 Hi6N0 4 CIS; 257,74 g/mol 

NMR 1 H (DCI 0,1 M); 5 ppm: 1,44 (s, 9H, C(CH 3 ) 3 ); 3.31 (dd, J^15 Hz, J 2 =7 
1H, CH-S); 3,49 (dd, Ji=15 Hz, J 2 =5 Hz. 1H, CH-S); 4,33 (dd, J,-7 Hz, J 2 =5 
1H, CH-C0 2 >. 

MS (FAB+). m/z : 222,0 [MH + ]; 1 66,0 [MH* - re/t-Butyl]. 
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Step 2 

Manufacture of N.N'-bis-ferf-butoxycarbonylornithyl-S-te* 
butoxycarbcnylcysteine 




To a solution of N.N'-bis-fert-butoxycarbonylomithine (160 mg; 0.48 mmo!) in 
1 m, dichloromethane 60 mg of N-hydroxy-succinimide (0.52 mmol) were added. 
The reaction mixture was cooled to 0 6 C and 99 mg 

N N'-dicyc.ohexylcarbodiimide (0.48 mmol) were added. After 2 h of agitat.ng at 
0 : C 130 mg hydrochloride S-ta/t-butoxycarbonylcysteine (0.50 mmol). which had 
been dissolved in 1 ml methanol containing 234 ul triethylamine (1 .68 mmol). 
were added, then the solution was agitated over night at ambient temperature. 
The reaction medium was then evaporated to dryness, taken up .n 10 ml 
ethylacetate and then filtered. After dilution with 50 m. ethylacetate, the filtrate 
was washed twice with 25 ml 5 % (w/w) citric acid, dried over magnesium sulfate 
and then evaporated to dryness. The obtained residue was purified by s.l.ca 
chromatography (gradient 2 to 15 % methanol in dichloromethane) to obta.n 
242 mg of a white solid (0.45 mmol, yield=94 %). 



C 23 H4iN 3 0 9 S; 535,66 g/mol 



> • • • * * 
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NMR'H (CDsOD); 5 ppm: 1,42 (s. 9H. C(CH,) 3 ); 1,45 (s, 9H, C(CH 3 ) 3 ); 1,46 <s, 
9H C(CH 3 ) 3 ); 1,47-1,88 (m, 4H. CH 2 CH 2 -CH 2 NHBoc); 3.04 (t, J=6 Hz, 2H, CH 2 - 
NHBoc); 3,13 (dd, J,-14 Hz. J 2 =7 Hz, 1H, CH-S); 3,45 (dd, J>=14 Hz, J 2 =4 Hz, 
1H. CH-S); 4,0-4,1 (m. 1H, CH 2 CH 2 -CH-CONH); 4,40 (dd. Ji=7 Hz. J 2 =4 Hz. 1H. 
CH-C0 2 ). 



Step 3 

Manufacture of N.N'-bls-terf-butoxycarbonylornlthyl-S-fert- 
butoxycarbonylcysie ine-n-alkyla mid e 




n-2, 4, 6 or 10 



To a solution of N,N'-bis-fert-butoxycarbonylornithyl-S-f©rt- 
butoxycarbonylcysteine {100 mg; 0.187 mmol) in 0.5 ml dichloromethane 26 mg 
N-hydroxysuccinimide (0.224 mmol) were added. The reaction mixture was 
cooled to 0°C and 42 mg N.N'-dicyclohexylcarbodiimide (0.205 mmol) were 
added. After 2 h of reaction at 0°C. n-alkyiamine (0.205 mmol) was introduced 
and the solution was agitated over night at ambient temperature. Then the 
reaction medium was evaporated to dryness, taken up in 5 mi ethyiacetate and 
then filtered. After dilution in 25 ml ethyiacetate, the filtrate was washed in 
subsequent steps with 10 ml water, 10 ml 5 % (w/w) sodium hydrogencarbonate 
and 10 ml water, dried over magnesium sulfate and evaporated to dryness. The 
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obtained residue was purified by silica chromatography (gradient 0 to 1 % 
methanol in dichloromethane) to obtain a white solid. 

in the case of N N'.bis-fert-butoxycarbonylomithyi.S-fe/t-butoxycarbonylcysteine- 
dodecylamide 85 mg of a white solid (0.121 mmol; yield=65 %) were obtained. 



C 36 H 9 6N40 e S; 703,00 g/mol 

TLC : Rf (5% MeOH/CH 2 CI 2 ) = 0,5. 



NMR 1 H (CD 3 OD); B ppm: 0,89 (t, J=7 Hz, 3H. CH,); 1,25-1.35 (m. 18H. CH 3 - 
(CH 2 ) 9 -CH 2 CH 2 NH)| 1.42 (s. 9H, C(CH 3 ),); 1,45 (s. 9H. C(CH 3 ) 3 ); 1,49 (s, 9H. 
C(CH 3)3 )- 1,5-1.9 (m. 6H, CH.CH^CH.NHBoc, CH 2 -CH 2 NHCOCH); 3.00 (t. J=6 
Hz 2H CH 2 - NHBoc); 3.04-3,50 (m. 4H. CH 2 -S. CH r NHCOCH); 3.94 (dd. J,=8 
Hz, J 2 =5 Hz, 1H, CH 2 CH 2 -CH-CONH); 4,48 (dd, J,=8 Hz, J 2 =5 Hz. 1H. CH- 
CONHCH 2 ). 



Step 4 

Manufacture of ornithyl-cysteine-n-alkylamide 




0 11 mmol N.N'-bis-fert-butoxycarbonylornithyl-S-terf-butoxycarbonylcystei 
alkylamide dissolved in 1 ml trifluoroacetic acid were agitated under argon 



► • i 



m 
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atmosphere at ambient temperature for 1 .5 h. The reaction medium was 
evaporated and the obtained translucid oil was diluted in 1 ml deutero-ethanol. 
The solution was kept under argon atmosphere at -80'C. The yield of the 
reaction was determined by measuring the amount of thiol functions with 
Ellman's reagent (Riddles, et a!., 1979). In the case of ornithyl-cysteine- 
dodecylamide, the yield was 84 %. 



C20H42N4O2S; 402,64 g/mol 

NMrVH {CD3OD); 6 ppm: 0,89 (t, J=7 Hz. 3H. CH 3 ); 1,25-1,38 (m. 18H, CH 3 - 
(CH 2 )9-CH 2 CH:NH); 1.45-1 ,96 (m, 6H. CH 2 CH 2 -CH 2 NHBoc. CH 2 -CH 2 NHCOCH); 
2,80-3,50 (m. 6H, CH 2 - NH 3 + , CH 2 -S. CH 2 -NHCO); 3.95-4,0 (m. 1H. CH 2 CH 2 -CH- 
CONH); 4,42-4.48 (m, 1H, CH-CONHCH2). 



Exampie 5 

Synthesis of a lipophilic alcohol galactosyl-cysteine ester detergent 

The synthesis was carried out according to the scheme depicted in Fig. 15. 



Step 1 



S-ferf-butoxycarbonylcysteine-bromoacetamide-decylester 
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To a solution containing 108 mg of S-terf-butoxycarbonylcysteine-decylester 
(0 30 mmol) in 1 ml dichlcrmethane, 63 pi triethylamine (0.45 mmol) and then 
86 mg bromoacetic acid anhydride (0.33 mmol) were added. The react.on 
medium was agitated for 1 h at ambient temperature and then evaporated to 
dryness' The obtained residue was purified by silica chromatography (grad.ent 
5 to 10 % ethylacetate in hexane) to obtain 88 mg of a translucid oil (0.18 mmol, 
yielded %). 



C 20 H36BrNO 5 S; 482,48 g/mol 

TLC: Rf (20% AcOEt / Hexane) = 0,5- 

NMR'H (CDCfak « (PP m ) : 0.90 (t, >7 Hz. 3H. CH 5 ); 1.25-1.40 (m, 14H 
CHHCH^-CH.CH.O); 1.50 (s. 9H, C(CH 3 W, 1.60-1.76 (m. 2H. CH,CH 2 0 : 
3 26 (dd, J,=15 Hz. J 2 =6 Hz. 1H. CH-S); 3,42 (dd. J,«1 5 Hz, J 2 =4 Hz, 1 H. CH-S) 
350 (.. 2H, CH.Br); 4,17 (t. J=7 Hz. CH 2 -0); 4.79 (ddd. j,-7 Hz. J 2 =6 Hz. J 3 =4 
Hz, 1 H. CH-COO); 7.20-7.35 (m, 1 H, NH). 

MS <FAB + ),m/z ; 482,1 and 484.1 [MH*]; 426.1 and 428,1 [MH' - l-Butyfl; 382,1 
and 384,1 lMH*-Boc). 




no ^ * — n ~° N 

oh » o 




KCV. VON : ^;A- ML hAU^i^ 



4 - il^-iJV 



1 4- - 1^4- 
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To a solution containing 48 mg S-terf-butoxycartonylcysteine-bromoacetamide- 
decyiester (0.1 mmol) in 1 ml dirnethylformamide, 23 mg 1-thio-D- 
galactopyranose (0.1 mmoi) were added. The solution was agitated for 3 h at 
ambient temperature and then evaporated to dryness. The obtained residue was 
purified by silica chromatography (gradient 3 to 20 % methanol in 
dichlormethane) to obtain 52 mg of a glassy solid (0.087 mmol, yield=37 %). 



C 2 6H47NO 10 S2; 597.79 g/mol 

TLC : Rf (10% MeOH / CH 2 CI 2 ) = 0,4 

NWR 1 H (CD30D); 5 ppm : 0,90 (t, J=7 Hz, 3H, CH 3 ); 1,25-1.43 (m, 14H, 
CH 3 -(CH 2 )r-CH2CH 2 0); 1.48 (s. 9H. C(CH 3 >3), 1,58-1,73 (m, 2H, CH 2 -CH 2 0); 
3,12 (dd, J t =14 Hz, J 2 =8 Hz, 1H, CH-S); 3,34 (s, 2H, CO-CH 2 -S); 3,25-3,88 (m. 
7H, CH-S, H 2 , Hz, Ha, H 5 , He); 4,08-4,17 (m, 2H, CH 2 -0); 4,41 (d, J=9 Hz. Hi); 
4,55-4.70 (m, 1H, CH-COO). 

MS (FAB+), m/z : 620,2 [MNa*]; 598.2 [MH + J; 564,2 [MNa + - f-Butyl]; 542,2 [MH + - 
f-Butyl]; 520,2 [MNa* - BocJ. 

Step 3 

Manufacture of cysteine-thiogalactosylacetamide-decylester 



HO OH HS 




49 mg S-tert-butoxycarbonylcysteine-thiogalactosylacetamide-decylester 
(0.082 rnmol) dissolved In 1 ml trifluoroacetic acid was agitated under argon 
atmosphere for 1 .5 h at ambient temperature. The reaction medium was then 
evaporated to dryness and the obtained oil was dissolved in deuteroethanol. The 
solution was kept under argon atmosphere at -80°C. 

The quantitative yield of the reaction was determined by measuring the amount 
of thiol functions with Ellman's reagent (Riddles, et al., 1979), 



C 2 iH39N0 8 S2; 497,67 g/mol 

NMR 1 H (CD3CD2OD); 5 ppm : 0,90 (t, J=7 Hz, 3H, CH3); 1,20-1,43 (m, 14H, 
CH 3 -(CH 2 )7-CH 2 CH 2 0); 1,60-1,76 (m, 2H, CH 2 -CH 2 0); 2,85-3,08 (m, 2H, CH 2 -S); 
3,35-4,00 (m, 8H, H 2 , H 3 . H 4 . H 5 , H B , CO-CHz-S); 4,07-4,28 (m, 2H, CH 2 -0); 4,43 
(d, J=9 Hz. 1H); 4,58-4,70 (m, 1H, CH-COO). 

MS (FAB+), m/z : 520 [MNa*]; 498 [MH*]. 



Example 6 

In order to form monodisperse DNA transfection particles which are stabilised by 
non-lipid molecules, an alternative vector type, based on spermine-N1, N12-bis- 
cysteineamide (SC2) was synthesized. 



Nik 

SC, 



This molecule is composed of a spermine molecule linked via an amide bond to 
2 cysteine molecules having 2 free thiol functions. 
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a) Synthesis of spermine-Nl, N12-bis-cysteineamide 



1) 2 6q. Acrylonitrile 
MeCK 

2) 2,2 eq. BocON 

lf Boc 



Boc 



r SH 

CIHN^CQH 
4_ 

2,2 eq. BocOBoc 
6,5 eq. NJEt 
HiO/THF (1/1) 



Boc 



ifc.Ni Rauey 
MeOH, soude 2M (6/2) 

" K SBoc 

T Boc f 

N^^NJt + BocmrCCfeH 



O 

BofrS^V"*T s '~$r v ''^ 
BocHN H Boc 



I eq. DCC 
CfjCfe 

lf Boc 



aoc H IN HBOC 
H^N^S-Boc 

O 



6_ 

IC15COOH 



SH.4CI3COO 



N.N'-bis-tert-butoxycarbonyl-N.N'-lS-cyanoethylJ-l^-diaminobutane 2. 



A solution containing 2 ml 1 .4-diaminobutane 1. (20 mmol), 2.63 ml acrylonitrile 
(40 mmoi) in 10 ml acetonltrile was stirred at ambient temperature under argon 
atmosphere and exposed to under darkness. After 1 8 h of stirring, 10.835 g 
BocON (44 mmol) and 6.2 ml triethylamine (44 mmol). were introduced into the 
solution. After three days the reaction medium was diluted in 100 ml ether. The 
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organic phase was washed with 2 M NaOH 2 x 50 ml), 50 ml distilled water and 
50 ml 5 % (w/w) citric acid. The organic phase was then dried over MgSC>4 and 
then evaporated io yield 4.27 g of a white solid. The latter was crlstallized in ether 
which yielded 3.50 g of compound 2 (8.9 mmol. yield=44 %) in the form of white 
cristals. 

C20H34N4O4; 394,52 g/mol. 

TLC ; Rf (CH2CI2 96%/MeOH 4%) = 0,4. 



NMR 1H (CDCI3); 8 ppm : 1,29-1 ,65 (m, 22H, (CH2)2-CH2-CH2, C(CH3)3); 2,50- 
2,68 (m, 4H, CH2-N(Boc)-(CH2)2-CN); 3,19-3,32 (m, 4H, N(Boc)-CH2-CH2-CN); 
3,44 (t, J=6,7 Hz, 4H. CH2-CN). (The hydrogen atoms assigned to the signal are 
in bold print.) 



N ,N'-bis-tert-butoxycarbonyl-N,N , -(2-aminopropyl)-1 ,4-diaminobutane 3. 

A solution containing 1.176 g N',N-Di-tert-butoxycarbonyl-N p N'-(2-cyanoethyl)- 
1 ,4-diaminobutane 2 (3 mmol) in 6 ml methanol and 2 ml 
2 M NaOH (4 mmol) was stirred in the presence of a catalytic amount of Raney 
nickel under hydrogen atmosphere. After 4 h of stirring the nickel was removed 
by celite filtration. The filtrate was evaporated and the obtained residue 
resuspended in 50 ml dichloromethane. The organic phase was then washed 
with 50 ml 2 M NaOH, dried over MgSC>4 and then evaporated to obtain 810 mg 
of compound 3 (2 mmol; yield=67 %) in form of a yellow viscous liquid. 

C20H42N4O4; 402,58 g/mol. 

TLC: Rf (CH2CI2 20%/MeOH 60%/ NEt3 20%) * 0,4. 



* 
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NMR 1 H (CDCI3); 5 ppm : 1.35-1,55 (m. 8H, <CH2)2-CH2-CH2. NH2); 1.45 (s, 
18H, 2xC(CH 3 ) 3 ; 1,64 (quint., J=6,8 Hz, 4H, CH2-CH2-NH2); 2,69 (t. J=6,7 Hz. 
4H, CH2-NH2); 3.10-3,32 (m. 8H. CH2-N(Boc)-CH2). 

Spermine-N4,N9-bis-tert-butoxycarbonyl-N1,N12-bis-cysteine 
(N.S-bis-tert-butoxycarbonyl)amide 6. 

To a solution containing 242 mg N.N'-bis-tert-butoxycarbonyl-N.N'- 
(2-aminopropyl)-1,4-diaminobuiane 3 (0.6 mmol) and 388 mg N.S-Bis-tert- 
butoxycarbonyl-cysteine (1.2 mmol) in 1.5 ml dichloromethane, 248 mg DCC (1.2 
mmol) dissolved in 1.5 ml dichloromethane were added. The solution was stirred 
for one day filtered in order to remove the formed DCU and then evaporated. The 
residue was resuspended in 100 m! ethylacetate, washed with distilled water 
(100 ml), an aqueous sodium carbonate solution 0.5 M (100 mi), an aqueous 
saturated NaCl solution (100 ml), an aqueous citric acid solution 0.2 M (100 ml) 
and finally with an aqueous saturated NaCl solution.iOO ml). The organic phase 
was dried over MgS04 and then evaporated. The product was then run over a 
silica column in order to obtain 401 mg of compound 6 (0.4 mmol; yield=66 %) in 
the form of a white solid. 



C46H84N6O14S2; 1009,35 g/mol. 

TLC : Rf (CH2CI2 97%/MeOH 3%) = 0,5. 

NMR1 H (CDCI3); S ppm : 1,50-1,89 (m, 8H, 2x(CH2)2-CH 2 -CH2, 2xCH2-CH-2-NH- 
CO); 1,44 (s, 18H, 2xC(CH 3 ) 3 ); 1,45 (s, 18H, 2xC(CH 3 ) 3 ); 1,50 (s, 18H, 2xC(CH 3 ) 3 ); 
3,04-3,32 (m. 16H, <CH2)3-CH 2 -NBoc,CH2-(CH2)2-NH-CO, CH2-NH-CO, CH2-S- 
CO); 4,23-4,40 (m, 2H, CH-CH2-S-B0C); 5,37-5,54 (m, 2H, NH-Boc); 7,32-7,46 
(m,2H, CH2-NH-CO). 




MS (FAB+) : 1009,3 (MH + ); 909,2 (MH + -Boc); 809.3 (MH+-2Boc); 709,2 (MH + - 
3Boc); 609,2 (MH + -4Boc); 509.2 (MH + ~5Boc); 409,1 {MH + - 6Boc). 

Spermine-N1,N12-bis-cysteineamide 7. 

50 mg of compound 6 (0.05 mmol) dissolved in 1 ml trifluoroacetic acid and 1 ml 
dichloromethane were stirred under argon atmosphere for 2 h, The reaction 
medium was then evaporated and 85 mg of a yellowish viscous liquid is obtained, 
The product was kept in the presence of ca. 1 1 equivalents of trifluoroacetic acid 
in order to avoid oxydation of the functional thiol groups. The measurement of 
thiol groups with Ellman'sreagent (Riddles et al., 1979) showed that the 
deprotection reaction was quantitative. 

C16H36N6O2S2; 408,64 g/moL 

NMR1 H (D2O); 5 (ppm): 1,64-1,96 (m, 8K (CH2)2-CH2-CH2 f CH2-CH2-NH-CO); 
2,90-3,09 <m, 12H, CH2)3-CH2-NBoc, CH2-(CH2)2-NH-CO, CH2-NH-CO); 3,21-3,37 
(m, 4H, CH2-SH); 4,04-4,15 <m, 2H, CH-CH2-SH). 



MS (FAB+): 410.1 (MH + ), 



Biophysical characterisation of spennine-NI.N^-bis-cysteineamide 



a) UV spectroscopy 



The characterisation of the formed particles by UV spectroscopy was performed 
for different reasons. DNA in solution has a characteristic absorption spectrum 
between 240 and 310 nm. The absorption (optical density) has a maximum at 
260 nm and 0 towards 310 nm. A change in DNA conformation should change 




the profile of the absorption spectrum. Moreover, the formation of particles results 
in an enhancement of the diffusion which can be perceived in UV by an 
enhancement of optical density. When the wave length is adjusted to a value 
siightly above 310 nm (which is the wave length at which the DNA in solution 
does net absorb) one can monitor the effect of particle formation. 



Calf thymus DNA was complexed with spermine under conditions optimal for 
obtaining toroid structures as described by Naroditsky et al. (76 uM DNA bases, 
65 mM spermine, 25 mM NaCI). The absorption observed between 230 and 
330 nm increased during 10 min while complexation of DNA took place. 
Consequently, a reduction of the optical density could be detected in the range of 
260 nm, which is the absorption maximum of DNA), while it remained stable 
towards 300 nm. Finally the absorption stabilised after one and a half hours 
(Fig.16A). 

When the NaCI concentration was raised to 100 mM, the observed spectrum was 
identical with the spectrum of the DNA that had been observed before 
complexation with spermine (Fig. 16B). 

It could be concluded from the above experiment that the condensation with 
spermine is visible in UV. Moreover it could be shown that a reversion of the 
process takes place when the ionic strength of the medium is raised. 

The same experience as with the above experiments was made in the presence 
of spermine-N1,N12-bis-cysteineamide (SC 2 ) instead of spermine at the identical 
concentration (Fig. 1 6C). 

The complexation kinetics of DNA by SC2 i6 comparable to that obtained with 
spermine. The determination of thiol functions with Ellman's reagent (Riddles at 
al., 1979) showed that after 10 min 50 % of the thiol groups were oxydised, when 
no oxygen was present except for the oxygen in the water (the solubility of 
oxygen in an 1 M NaCI aqueous solution is 0.8 mM). Furthermore, augmentation 
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of the NaCI concentration one and a half hours after mixing SC 2 and DNA had 
only a minor effect on the absorption spectrum as compared with spermine. At 
100 mM NaCi, the absorption at 330 nm was 81 % as compared to the maximum 
optical density observed at 25 mM NaCI; at 150 mM NaCI was still 71 %, 

Consequently, SC 2 complexes and compacts DNA in the same manner as 
spermine. On the other hand, the formed particles seemed to be more stable vis 
d vis the ionic strength cf the medium, which is in relation with the oxydation of 
the thiol functions. 

b) Agarose gel electrophoresis 

The stability of the particles formed either with spermine or with SC2 (76 pM 
bases RSV-Luc, 65 \}M spermine or SC 2 , 25 mM NaCI, pH 6.5; 2 hrs oxydation) 
was tested by agarose get electrophoresis (1 %; Tris buffer pH 6.5). It could be 
observed that the compacted DNA, which is more bulky and less charged, was 
migrating less or not at all in the agarose gel, (Fig. 17) 

The particles formed with spermine were not stable under the conditions that 
were used for electrophoresis (identical migration of DNA alone and of DNA 
complexed with spermine; lanes 1 and 2). The particles formed with SC2 were 
stable (lane 3). The DNA-SC 2 particles remained relatively stable even at 
elevated ionic strength (lane 5). The stability of the complexes is due to the 
oxydation of SC2. Consequently, rf one adds a reducing agent of the disulfide 
bridges to a solution of DNA complexed with SC 2 , the complexes are no longer 
stable under the conditions used for electrophoresis. 
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Claims 



A particle for transfecting higher eucaryotic cells with nucleic acid 
molecules in vitro and in vivo comprising one or more nucleic acid 
molecules condensed by organic cationic molecules, said particles 
being obtained by complexing the nucleic acid molecules with 
identical or different organic cationic precursor molecules without 
crossiinking nucleic acid molecules, and covalently linking the 
precursor molecules to each other on the the nucleic acid template, 

2. A transfection particle according to claim 1 characterized in that the 
cationic molecules are lipids obtained by dimerization or 
oligomerization of cationic detergent precursor molecules. 

3. A transfection particle according to claim 2 characterized in that the 
cationic detergent precursor molecules comprise: 

a) at least one function for binding to one or more other 
detergent molecules, 

b) at least one lipophilic residue, 

c) a non-toxic recipient backbone, 




d) a cationic group for binding to nucleic acid molecules. 




A transfection particle according to claim 3 characterized in that the 
function of the cationic precursor detergent molecules for binding to 
other detergent molecules is a dimerizable or polymerizable function 
selected from thiols, acid hydrazides, aldehydes, amines, and 
ethylene residues that are suitably substituted to provide enamines. 

A transfection particle according to claim 4 characterized in that the 
lipophilic residue is selected from lipophilic amides, esters or ethers. 

A transfection particle according to claim 3 characterized in that the 
function for binding to nucleic acid molecules is selected from an 
amine or derivative thereof. 

A transfection particle according to claim 6 characterized in that the 
function for binding to nucleic acid molecules is guanidine. 

A transfection particle according to claim 1 characterized in that the 
organic cationic precursor molecule is represented by general 
formula I 




(I) 

wherein 

R-i denotes (CrCic-alkylenej-SH, wherein the alkylene radical 
may represent a straight chained or branched hydrocarbon; 




R 2 denotes -NR 4 R 5) -NHFURs*. -N(R4) 2 R 6 + . -C{=NR A )NR 5 R6, 
-C(=X)-Ci-C, 0 -alkylene, wherein the alkylene radical may represent a 
straight chained or branched hydrocarbon and may be substituted by 
up to four dielky! amino groups or a thiomonosaccharide; 

R 3 denotes Cs-Cao-alkyl, straight chained or branched and 
optionally substituted preferably with one or more halogen atom(s) or 
dialkyl amino group(s), or 

C5-C 3 o-alkenyl, straight chained or branched having up to ten 
C=C-double bonds and is optionally substituted preferably with one 
or more halogen atom{s) or dialkyl amino group(s), or 

C 5 -C 3 o-alkinyl, straight chained or branched having up to ten 
CsC-triple bonds and is optionally substituted preferably with one or 
more halogen atom(s) or dialkyl amino group(s), or 

C 6 -Cio-aryl optionally substituted, or 

C 7 -C 16 -aralkyl optionally substituted, or a 

Cs-Cso-alkyl-chain interrupted by up to 10 amino groups -NR4- and 
having optionally an amino-group which is optionally substituted by 
an amino acid; 

R4, R 5 and R e denote independently from each other hydrogen or 
Ci-C 4 -alkyl; 

X denotes O or S; 

Y denotes C=0 or C=S and 




Z denotes O, S or -NR^. 

A transfection particle according to claim 8 characterized in that the 
cationic precursor molecules correspond to general formula I wherein 

Ri denotes (Ci-Ce-alkyiene)-SH, wherein the aikylene radical 
may represent a straight chained or branched hydrocarbon; 

R 2 denotes -NR4R5. -NHFURa*. -N(R 4 )2R5 + .-C(=NR 4 )NR 5 R6, 
-C(=X)-C r C 4 -alkylene, wherein the aikylene radical may represent a 
straight chained or branched hydrocarbon and may be substituted by 
up to four amino radicals -NR 4 R 6 or a thiomonosaccharide; 

R 3 denotes C 5 -C 2 o-alkyl, straight chained or branched and 
optionally substituted preferably with F, CI, Br or -NR4R5, or 

C 5 -C 2 o-alkenyl, straight chained or branched having up to five 
C-C-double bonds and is optionally substituted preferably with F, CI, 
Br or -NR4R5, or 

C s -C2o-alkinyl, straight chained or branched having up to five 
CsC-triple bonds and is optionally substituted preferably with F, CI, 
Br or -NFUR^or 

Ce-C 10 -aryl optionally substituted preferably with d-C 4 -alkyl ,F, CI, Br 
or-NR4Rs. or 

C 7 -C 14 -aralkyl optionally substituted preferably with Ci-C 4 -alkyl, F. CI, 
Br or -NR^s.or 
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a C 5 -C2o-alkyl chain interrupted by up to 10 amino groups -NR 4 - and 
having optionally a -amlno-group which is optionally substituted by an 
amino acid; 

R 4 , R 5 and R 6 denote independently from each other hydrogen or 
d-C 4 -alkyl; 

X denotes O or S; 

Y denotes C=0 or C=S and 

Z denotes O, S or -NR 4 -. 



A transfection particle according to claim 8 characterized in that the 
cationic precursor molecules correspond to general formula I wherein 

R 1 denotes (Ci-C 4 -alkylene)-SH, wherein the alkylene radical 
may represent a straight chained or branched hydrocarbon; 

R 2 denotes -NR4R5, -NHR4R5"'. -N(R4)2Rs + ,-C(=NR4)NR5R6. 
-C(=X)-Ci-C 4 -alkyl, wherein the alkyl radical may represent a straight 
chained or branched hydrocarbon and may be substituted by up to 
four amino radicals -NR4R5, or a thiomonosaccharide; 

R3 C 6 -C 12 -a!kyl, straight chained or branched and optionally 
substituted preferably with F, CI, Br or-NH 2 . or a 

C 5 -Ci 5 -alkyl chain interrupted by up to 7 amino groups -NR 4 - and 
having optionally a -amino-group which is optionally substituted by 
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the amino acid cysteine; 

R4, R5 and Re denote independently from each other hydrogen or 
methyl, ethyl, propyl, iso-propyJ> n-butyl, iso-butyl or tert.-butyl; 

X denotes O or S; 

Y denotes C=0 or C=S end 
Z denotes O, S or -NR4-. 

A transfection particle according to claim 8 characterized in that the 
cationic precursor molecules correspond to the general formula I 
wherein 

R< denotes -CH2-SH; 

R 2 denotes -NH 2 , -NH 3 + , -C(=N + H 2 )NH 2l -C(=0)-C r C4-alkyl 
straight chained or branched and optionally substituted with F, CI, Br 
or -NH 2 , 

or an ornithine radical or a S-galactosyl radical; 

R 3 denotes a C e -C 15 -alkyl radical straight chained or branched 
and optionally substituted preferably with F, CI, Br or -NH 2 ; 

Y denotes C=Q; 



Z 



denotes O or-NH- 
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12. A transfection particle according to one of claim 8 to 1 1 characterized 
in that R2 is guanidine ornithine. 

13. A transfection particle according to one of claim 8 to 12 characterized 
in that R3 is a decyl radical. 

14. A transfection particle according to one of claim 8 to 1 1 characterized 
in that R^ is a methylenethiol, R 2 is a guanidine, R3i6 a straight 
chained decyl radical, Y is a carbonyl, Z is an amine, and 
pharmaceutical^ acceptable salts thereof. 

15. A transfection particle according to claim 14 characterized in that the 
cationic molecule is N-decyi-2-guanidinium-cysteine. 

1 6. A transfection particle according to one of claim 8 to 11 characterized 
in that R1 is a methylenethiol, R 2 is an ornithine, R 3 is a decane, Y is 
a carbonyl, Z is an amine, and pharmaceutical^ acceptable salts 
thereof. 



1 7, A transfection particle according to claim 16 characterized in that the 
cationic molecule is N-decyl-2-omithinyl-cysteine. 

18. A transfection particle according to one of claim 8 to 1 1 characterized 
in that the monosaccharide which is bonded via a sulfur atom is 
selected from the group consisting of galactose, lactose, glucose, 
arabinose , fructose, sorbose, xylose, ribose, mannose each of them 
in their D- or L-form. 



19. 



A transfection particle according to claim 1 characterized in that the 
cationic precursor molecule is a polyamine. 
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20. A transfection particle according to claim 1 9 characterized in that the 
cationic precursor molecule is a spermine derivative 

21 . A transfection particle according to claim 20 characterized in that the 
cationic precursor molecule is spermine-N1.N12-bis-cysteineamide. 

22. A transfection particle according to claiml to 21 characterized in that 
the linkage between the cationic molecules is degradable under 
cellular conditions. 

23. A transfection particle according to claim 1 which comprises a single 
nucleic acid molecule. 



24. A transfection particle according to claim 1 or 23 wherein the nucleic 
acid molecule is a DNA molecule. 

25. A transfection particle according to claim 24 wherein the DNA 
molecule is a plasmid. 

26. A transfection particle according to claim 1 characterized in that the 
nucleic acid molecule is an RNA molecule. 

27. A transfection particle according to any one of claims 1 to 26 
characterized in that it carries one or more cellular targeting functions 
and/or one or more functions capable of facilitating endocytosis. 

28. A transfection particle according to claim 27 characterized in that the 
targeting function is provided by a cellular protein ligand. 

29. A transfection particle according to claim 27 characterized in that the 
targeting function is provided by a sugar residue. 
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30. A transfection particle according to claim 29 characterized in that the 
sugar is galactose. 

31 . A transfection particle according to claim 1 characterized in that 
carries one or more endosomoiytic functions. 

32. A transfection particle according to claim 1 characterized in that the 
endosomoiytic function is provided by a fusogenic peptide. 

33. A method for preparing transfection particles according to any of 
claims 1 to 32, characterized in that cationic precursor molecules are 
added to nucleic acid molecules in a suitable buffer, allowed to form 
complexes with the nucleic acid and allowed to covalently link to 
identical or different cationic precursor molecules on the nucleic acid 
template. 

34. A method according to claim 33 characterized in that the cationic 
precursor molecules are lipophilic and are allowed to covalently link 
under mild oxidative conditions. 

35. A pharmaceutical composition comprising a pharmaceutically 
effective amount of the transfection particle of claim 1 wherein the 
nucleic acid molecule is therapeutically active. 



36. A pharmaceutical composition of claim 35 wherein the nucleic acid 
molecule is a plasmid encoding a therapeutically active protein. 



37. 



A kit of parts comprising one or more nucleic acid molecules, one or 
more cationic precursor molecules, suitable buffers, and other 
reagents or mechanical devices that are useful for preparation, 




purification and in vitro or in vivo application of a transfection particle 
of any one of the claims 1 to 32. 

A kit of parts according to claim 36 comprising in addition or more 
functions for cellular targeting. 

A kit of parts according to claim 36 or 37 comprising in addition an 
endosomolytic function. 




Abstract 



Transfection particles for delivery of nucleic acid into higher eucaryotic cells 
in vitro and in vivo comprises one or more nucleic acid molecules 
condensed by organic cationic molecules. The discrete and stable particles 
are obtained by complexing the nucleic acid molecules with identical or 
different organic cationic precursor molecules without crosslinking nucleic 
acid molecules, and covalently linking the precursor molecules to each 
other on the nucleic acid template. For specific cellular targeting, the 
particles may carry targeting molecules, e,g. sugars. Preferred cationic 
precursor molecules are lipophilic detergents that are linked to form lipids. 
The particles contain preferably only one nucleic acid molecule which 
makes them useful for gene therapy and for delivery of large DNA 
molecules. 
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